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ABSTRACT
Fossil Trachemys (Testudines: Emydidae) from the Late Hemphillian of Eastern Tennessee and
Its Implications for the Evolution of the Emydidae
by
Steven E. Jasinski

Trachemys (Testudines: Emydidae) represents one of the most well-known turtles today. The
evolution of Trachemys, while being heavily documented with various fossil representatives, is
not well understood. Numerous fossils from the Gray Fossil Site in northeastern Tennessee are
helping to elucidate the taxon’s evolution. The fossil Trachemys at the Gray Fossil Site represent
a new species. A review of previously named Trachemys taxa reveals that a huge majority of
them are not valid or have been previously misinterpreted. A phylogenetic analysis preformed on
modern emydids and supposed fossil representatives of those genera also shows the evolution of
a portion of the modern turtle fauna. While some fossils are nested within modern clades, a large
number of the fossil turtles studied fall within their own clade. This may mean that these fossils
represent an extinct lineage and less fossil representatives of modern turtles are known than
previously thought.
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CHAPTER 1
INTRODUCTION
Gray Fossil Site
The Gray Fossil Site (GFS) is located in northeastern Tennessee, USA (Fig. 1). It covers
an area of approximately 2.5 ha, and is up to 40 m thick (Wallace and Wang, 2004; Mead et al.,
2012). Only a small portion has been excavated, screen-washed, and analyzed. Still, the
excavation and research that has been conducted shows a diverse fauna, with many new and
important taxa present. New species of red panda (Pristinailurus bristoli) and Eurasian badger
(Arctomeles dimolodontes) were the first named taxa from the Gray Fossil Site (Wallace and
Wang, 2004). A new species of the plant Sinomedium, S. macrocarpus (Menispermaceae), is
named (Liu and Jacques, 2010). Gong et al. (2010, 2011) also mention the presence of three new
species of the grape Vitis (Vitaceae). There are, undoubtedly, additional new taxa waiting to be
described from the site as well, including various mammals, birds, reptiles, amphibians, and
plants.
The Gray Fossil Site occupies an important geographic and temporal position, which is
vital when discussing the fossils recovered from the site. Wallace and Wang (2004) presented the
stratigraphic ranges of the rhinoceratid Teleoceros and the ursid Plionarctos (both found at GFS)
to constrain the relative age of the site to between 7.0 and 4.5 Ma (latest Miocene-earliest
Pliocene, Hemphillian Land Mammal Age [LMA]). This range has not yet been further refined
but does make the GFS one of a limited number of Miocene-Pliocene vertebrate localities within
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Figure 1. Map of United States with inlay of Tennessee and surrounding states, star showing
location of Gray Fossil Site in Washington County, east Tennessee, USA. Map of Tennessee
inlay from http://www.sitesatlas.com/Flash/USCan/static/TNOC.htm and map of United States
from http://www.lib.utexas.edu/maps/united_states.html.
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the eastern United States (Farlow et al., 2001; Tedford et al., 2004; Mead et al., 2012). Data have
also shown that the flora and fauna at the GFS would have been subject to distinct wet-dry also
seasons and belie the presence of several warm temperate – subtropical taxa that are currently
found further south such as Alligator, Nyssa, and Pterocarya present at the site (Ochoa-Lozano
et al., 2010).
While the GFS is located in the Appalachian region of the southeastern United States, it
is noted by several authors that some of the flora and fauna identified have Eurasian affinities.
This was first noted by Wallace and Wang (2004), based on the presence of Arctomeles
dimolodontus, which has strong affinities to Eurasian badgers, and the presence of Pristinailurus
bristoli, whose closest living relatives are found only in Asia. This comparison is not restricted to
the fauna, as others have made similar observations with the flora with regards to East Asia (Liu
et al., 2007; Gong et al., 2010, 2011; Liu and Jacques, 2010; Liu, 2011). Liu et al. (2007) briefly
reported on the presence of Sargentodoxa, an Asian climbing shrub, in an abstract that focused
on the occurrence of East Asian plants at GFS. Liu and Jacques (2010) named a new species of
Sinomenium, S. macrocarpum, from the GFS, whose closest living relatives are found in Asia.
Gong et al. (2010) named three new species of grapes (Vitis) and discussed their implications for
comparisons between the GFS and East Asia. Two of the Vitis species (V. grayensis and V.
lanatoides) closely resemble species found in both Europe and Asia (Gong et al., 2010). The
third species, V. latisculata, shows closer affinities with the North American V. labrusca (Gong
et al., 2010).
The Hemphillian GFS contains a large and diverse fauna. At least 24 species of mammals
are present from the site, and many have yet to be systematically researched and identified
21

(Schubert, 2011). These include soricids, talpids, bats, leporids, various rodents, a megalonychid,
a gomphotherid, an equid, the tapirid Tapirus polkensis (which number close to 100 minimum
number of individuals based on Hulbert et al. (2009)), a rhinoceratid, tayassuids, camelids,
felids, an ursid, and musteloids (including the above-mentioned red panda and Eurasian badger).
Even with this many mammal taxa present, there is still far more research to be conducted, and
many taxonomic groups need to be studied in more detail to gain a better understanding of
variation and taxa present at GFS. Much remains to be understood with the birds (of which there
are at least 6 taxa present (Steadman, 2011)), amphibians, reptiles, and fish (Woodward, 2011)
from the locality.
A group that has received some of the least amount of study is the herptiles. Several
abstracts and short reports are published (e.g., Schubert, 2006; Schubert and Wallace, 2006;
Bentley et al., 2011; Boardman and Schubert, 2011a; Mead and Schubert, 2011; Schubert and
Mead, 2011). A few larger studies have been published, including one by Parmalee et al. (2002)
on the emydid turtle “Trachemys cf. T. inflata” by Parmalee et al. (2002), one on the caudates by
Boardman and Schubert (2011b), and one on the helodermatid lizard Heloderma by Mead et al.
(2012). The herpetofauna of the GFS has received relatively little attention until recently. In
addition to several turtles and turtle groups that are presented here and under study, snakes,
lizards, anurans, and an alligatorid are also undergoing detailed study.
Turtles are the most diverse group of herptiles known from the site; at least 7 taxa, from 4
families, are currently known (Table 1; Bentley et al., 2011). Known turtles include the chelydrid
Chelydra, the kinosternid Sternotherus, the testudinid Hesperotestudo, and the emydids
Terrapene, Chrysemys, Emydoidea/Emys and ‘Trachemys’. A second, smaller testudinid is also
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present. Emydoidea/Emys is currently represented by only a single specimen, potentially
identified by a ligamentous bridge connection between the carapace and plastron, and may
potentially show further Eurasian affinities of the GFS fauna. Parmalee et al. (2002) were the
first to report on specimens from the GFS and, in fact, reported on turtle specimens they referred
to Trachemys cf. T. inflata. Trachemys inflata is an emydid turtle from around the Mio-Pliocene
boundary in Florida (Weaver and Robertson, 1967). Herein lies a thorough discussion of all
‘Trachemys’ material from the GFS and where the taxon fits in with the known Trachemyscomplex of fossils, specifically with comparison to its, seemingly, closest (?sister) taxon, T.
inflata.

Table 1. List of the turtle taxa currently identified from the Gray Fossil Site, northeastern
Tennessee, USA.

Turtle Family
Chelyidridae
Emydidae
Emydidae
Emydidae
Emydidae
Kinosternidae
Testudinidae
Testudinidae

TurtleTaxa
Chelydra sp.
Chrysemys cf. C . picta
Emydoidea sp.
Terrapene sp.
Trachemys cf. T . inflata
Sternotherus sp.
Hesperotestudo sp.
Testudinidae indet.
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Relative abundance
relatively rare
occasional
rare or absent
occasional
relatively common
occasional
rare
rare

Taxonomic History of Trachemys
The genus of river turtle Trachemys (Testudines: Emydidae) has a tumultuous taxonomic
history. Emydidae is the largest and most diverse family of extant Testudines. Emydidae
currently consists of 2 subfamilies (Emydinae and Deirochelyinae) and 12 genera. Trachemys is
a member of the Deirochelyinae, along with Deirochelys, Chrysemys, Graptemys, Malaclemys,
and Pseudemys. Agassiz (1857) originally split the genus Chrysemys between Pseudemys,
Trachemys, and Chrysemys, as he felt there was a generic difference between the groups.
Although the genera Chrysemys, Pseudemys, and Trachemys have been combined and
recombined numerous times in the literature, McDowell (1964) attempted to synonymize all
three genera into Chrysemys after a critical re-evaluation of modern material. McDowell (1964)
thoroughly examined the cranial morphology (mainly) of these three genera, and concluded that
the combination of Trachemys and Pseudemys is an unnatural conclusion due, in many ways, to
the idea that Pseudemys is more divergent from Trachemys than Trachemys is from Chrysemys.
He felt that there should be either one genus or three genera based on these observations. While
his reservations were based more on the presence of Pseudemys than that of Trachemys, he
nevertheless concluded that all three genera should be synonymized, although he retained three
subgeneric groups (McDowell, 1964).
There have been other combinations and divisions since McDowell (1964), including
instances when both Chrysemys and Pseudemys acquired the Trachemys species. Weaver and
Rose (1967) examined the Chrysemys complex but focused on external and skeletal morphology.
They rejected the three subgeneric groups used by McDowell (1964) and, instead, separated the
Chrysemys complex into two evolutionary groups. These two groups were arranged based on
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species with more derived versus more basal characters. Several authors discussed criticisms of
this grouping (e.g., Moll and Legler, 1971; Holman, 1977; Vogt and McCoy, 1980), but none
attempted to resurrect all three former genera to full generic level. Rose and Weaver (1966)
named two fossil taxa as part of the Chrysemys complex and felt both taxa were useful in
questioning the validity of the taxon Trachemys because they exhibited features of both
pseudemyne and trachemyne turtles. These terms were used by Rose and Weaver (1966) to
distinguish generic characters between the two genera. Jackson (1976) disagreed with these
assessments. Even so, many problems arose from authors using Chrysemys (sensu stricto) and
Chrysemys (sensu lato) after McDowell (1964), often without clarifying how they were using the
taxonomic identity. This led to many problems, a key one being the erection of new taxa under
Chrysemys with their true generic identities being closer to Trachemys or Pseudemys. A few
authors, such as Ward (1984) and Seidel and Inchaustegui Miranda (1984), saw the problems
that had arisen and chose to use the three separate generic assignments originally proposed by
Agassiz (1857).
Seidel and Smith (1986) saw the problems surrounding this synonymy and re-erected
Trachemys, along with Pseudemys, as a separate and valid genus. They felt that three separate
genera were able to provide the most information and would provide the least amount of
confusion and ambiguity (Seidel and Smith, 1986). In this sense, differences between the genera
are more easily identifiable and studied, along with further differentiation between evolutionary
lineages. Maintaining three separate genera is actually a more conservative approach in this
instance and leads to less confusion, with all turtles considered part of this family to be more
easily studied and differentiated. It leads to less confusion because combining the genera can
lead to ‘over-synonymization’ and potential generic differences may be overlooked. By keeping
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all three genera separate, smaller evolutionary differences can be more easily distinguished. The
idea of three genera has generally been accepted since the study of Seidel and Smith (1986), and
Trachemys is considered a separate and valid genus in the present study.
Jackson (1988) did the first thorough review of fossil turtles referable to Trachemys. He
reviewed many of the previously named taxa from other genera (notably Chrysemys and
Pseudemys) and reassigned those he felt were placed in the wrong genera. This was a landmark
study in helping to clean up the taxonomy surrounding Trachemys and other related
deirochelyine taxa. Not long after, Seidel and Jackson (1990) conducted a study exploring the
evolutionary relationships of Trachemys and its closely-related groups. Little work has been
done since this time except in the naming or description of genera.
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UCM, University of Colorado Museum, Boulder, USA; UF, University of Florida, Florida
Museum of Natural History, Gainesville, USA; UF/TRO, specimens formerly in the collection
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CHAPTER 2
TRACHEMYS FOSSIL COMPARISONS AND POTENTIAL SYSTEMATICS

SYSTEMATIC PALEONTOLOGY
Testudines Linnaeus 1758
Cryptodira Cope 1868
Testudinoidea sensu Gaffney and Meylan 1988
Emydidae Bell 1825
Trachemys Agassiz 1857
Trachemys n. sp.

PROPOSED HOLOTYPE: ETMNH-8549. Nearly complete carapace missing portions of neural
1, left costal 6, right peripherals 6 and 7 and a few other small carapace fragments, nearly
complete plastron, cervical vertebrae 2-7, 20 incomplete dorsal vertebrae, 13 complete and
nearly complete caudal vertebrae, nearly complete left and right scapulae, complete right
humerus, nearly complete left femur, complete left fibula, nearly complete left ilium, nearly
complete left pubis, nearly complete left and right ischia, several right metatarsals, right
astragalus, right distal tarsals, at least 15 phalanges or phalange fragments, and other
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indeterminate shell and bone fragments (Figs.2-12, 25(A-F), 26, 27, 93-98, 100-108, 110, 120,
122, 124, 128-137).

PROPOSED PARATYPES: ETMNH-721, complete nuchal and left peripheral 1; ETMNH3558, nearly complete carapace and plastron, four caudal vertebrae, incomplete right ulna,
complete right radius, three right distal carpals, eight right manual phalanges, three right manual
unguals, incomplete right ischium, incomplete right and left femora, incomplete right and left
tibiae, nearly complete right fibula, four right and three left tarsals, four right and two left
metatarsals, four right phalanges, three right pedal unguals, and other indeterminate shell and
bone fragments (Figs. 113, 115, 117-119); ETMNH-3560, incomplete carapace with portions
posterior to neural 4, incomplete plastron with complete left xiphiplastron, incomplete right
xiphiplastron, incomplete left hypoplastron, incomplete right and left femora, incomplete left
ulna, plus other indeterminate shell and bone fragments; ETMNH-3562, incomplete carapace
missing majority of neurals and left costals, nearly complete plastron missing parts of the left
hyoplastron, hypoplastron and xiphiplastron, incomplete skull and lower jaws, at least six caudal
vertebrae, dorsal vertebrae fragments, incomplete right and left humeri, nearly complete right
radius, complete right ulna, two right metacarpals, two right distal carpals, four right manual
phalanges, one right manual ungual, incomplete right and left femora, incomplete right and left
tibiae, two left and four right metatarsals, two left and two right distal tarsals, six left and seven
right pedal phalanges, three left and two right pedal unguals (Figs. 13-24, 112, 114, 116);
ETMNH-4686, majority of left half of shell, with at least portions of all but the nuchal and
costals 7 and 8 on the left side, plus portions of the right and left dentaries, incomplete left
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scapula, incomplete left humerus, incomplete left radius, incomplete left ulna, incomplete left
femur, and other indeterminate shell and bone fragments; ETMNH-6935, nearly complete
carapace and plastron (Figs. 42-44); ETMNH-6936, incomplete carapace and plastron,
incomplete dorsal vertebra, incomplete right humerus, incomplete right ulna, incomplete pedal
ungual, and other indeterminate shell and bone fragments; ETMNH-7630, nearly complete
juvenile plastron missing only the left epiplastron (Fig. 45); ETMNH-7690, incomplete carapace
and nearly complete plastron, skull fragment (posterior portion of dorsal half of skull), plus other
indeterminate shell and bone fragments (Fig. 89); ETMNH-10390, incomplete carapace and
nearly complete plastron, nearly complete right humerus, and other indeterminate shell and bone
fragments (Figs. 50-53); ETMNH-10391, incomplete carapace and nearly complete plastron,
incomplete cervical vertebra ?5, and other indeterminate shell and bone fragments (Fig. 54);
ETMNH-10547, anterior portions of the carapace and plastron, incomplete right dentary, and
other indeterminate bone fragments (Figs. 55-56, 138); ETMNH-11642, nearly complete
carapace and plastron, missing portions of the posterior, incomplete left and right dentaries, three
incomplete dorsal vertebrae, several distal phalanges, and other indeterminate shell and bone
fragments (Figs. 57-58, 139); ETMNH-11643, nearly complete carapace and plastron, nearly
complete left dentary, nearly complete left innominate (left ilium, left ishium, left pubis), nearly
complete right ilium, nearly complete right ischium, nearly complete left fibula, nearly complete
right fibula, nearly complete right tibia, several vertebrae fragments, and other indeterminate
shell and bone fragments (Figs. 59, 111); ETMNH-12265, nearly complete carapace and
plastron, right dentary fragment, several dorsal vertebrae fragments, complete right ilium, nearly
complete left ilium, nearly complete right ischium, incomplete left ischium, nearly complete
right pubis, incomplete left pubis, nearly complete left femur, incomplete right femur, and
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indeterminate shell and bone fragments (Figs. 60-61, 126); ETMNH-12424, incomplete plastron,
including complete left and right epiplastra, complete entoplastron, complete right and
incomplete left hyoplastra, and right peripherals 3 and 4 (Fig. 62); ETMNH-12456, nearly
complete carapace and plastron, missing portions of the left posterior and posterior sections,
several vertebrae fragments, incomplete left scapula and coracoid, incomplete right coracoid,
nearly complete left and right humeri, complete right ulna, nearly complete left and right radii,
incomplete left and right femora, complete right fibula, several phalanges, two unguals, and
other indeterminate shell and bone fragments (Fig. 63); ETMNH-12457, nearly complete
carapace and plastron, nearly complete left maxilla, incomplete left and right dentaries,
incomplete left scapula and coracoid, incomplete left humerus, and other indeterminate shell and
bone fragments (Figs. 64-65, 90-91), ETMNH-12726, nearly complete carapace missing portions
of the left costals and portions of the right posterior peripherals, nearly complete plastron,
complete caudal vertebra, complete left tibia, incomplete left femur, several pedal phalanges,
several pedal unguals, and other indeterminate shell and bone fragments (Figs. 66-68); ETMNH12727, incomplete carapace and nearly complete plastron, plus numerous indeterminate shell
fragments (Fig. 69); ETMNH-12753, juvenile incomplete carapace and complete plastron, nearly
complete right and left dentaries, four caudal vertebrae, nearly complete left scapula, incomplete
right and left humeri, incomplete right and left ilia, incomplete right femur and nearly complete
left femur, incomplete left fibula, several metatarsals, three distal carpals/tarsals, several
phalanges, several unguals (Figs. 70, 92); ETMNH-12772, juvenile incomplete carapace and
nearly complete plastron, and other indeterminate shell fragments (Fig. 71); ETMNH-12832,
nearly complete carapace and plastron, nearly complete cervical vertebrae 4-8, several
incomplete dorsal vertebrae, nearly complete left and right scapulae, nearly complete left
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coracoid, nearly complete left and right humeri, complete right and nearly complete left ilia,
nearly complete left and right ischia, nearly complete left and right pubes, nearly complete left
femur, nearly complete right fibula, complete right tibia, several metatarsals, several pedal
phalanges, several pedal unguals, and other indeterminate shell and bone fragments (Figs. 25G,
72-73, 99, 109, 121, 125, 127); ETMNH-12833, nearly complete carapace and plastron,
incomplete left ilium, and other indeterminate shell and bone fragments (Fig. 74); ETMNH12834, nearly complete carapace and plastron, incomplete right and left dentaries, one caudal
vertebra, and other indeterminate shell and bone fragments (Figs. 75-76); ETMNH-12979, nearly
complete carapace and plastron, missing portions of the right posterior of the shell, incomplete
right coracoid, and other indeterminate shell and bone fragments (Figs. 77-78); ETMNH-12988,
nearly complete carapace, missing portions of the right side of the side, nearly complete plastron,
and other indeterminate shell and bone fragments (Figs. 79-80); ETMNH-13443, incomplete
carapace and plastron, consisting of the middle and right posterior of the shell, incomplete right
scapula, nearly complete right humerus, nearly complete right ischium, nearly complete right
pubis, nearly complete right femur, several dorsal vertebrae fragments, and other indeterminate
shell and bone fragments; ETMNH-14049, incomplete carapace with incomplete nuchal, right
peripherals 1-3, left costals 1-5, right costals 1-8, neurals 1-8, incomplete plastron with right and
left epiplastra, entoplastron, right and left hyoplastra, incomplete right and left hypoplastra and a
right xiphiplastron fragment, nearly complete cervical vertebrae 3-5, several incomplete to nearly
complete dorsal vertebrae, plus other indeterminate shell and bone fragments; ETMNH-14362,
complete carapace and plastron, several dorsal vertebrae fragments, and other indeterminate
bone fragments (Figs. 86-88).
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PROPOSED REFERRED SPECIMENS: ETMNH-8, right peripheral 11; ETMNH-102,
incomplete peripheral with three indeterminate carapace fragments; ETMNH-296, incomplete
right hyoplastron, right peripheral ?5, incomplete right peripheral ?6, right posterior peripheral
and other indeterminate shell fragments; ETMNH-339, anterior portion of right epiplastron;
ETMNH-3557, incomplete pygal and left xiphiplastron; ETMNH-3568, incomplete entoplastron
and right hyoplastron; ETMNH-7628, three incomplete peripherals; ETMNH-7629, anterior of
plastron, including incomplete right and left epiplastra and entoplastron; ETMNH-7634,
incomplete left peripheral 10 and indeterminate carapace fragment; ETMNH-7654, right
hypoplastron; ETMNH-7658, incomplete pygal, two peripherals, and incomplete right costal 5;
ETMNH-7659, complete neural and incomplete right hyoplastron; ETMNH-7664, left posterior
peripheral and costal fragment; ETMNH-7665, right posterior peripheral and weathered
suprapygal; ETMNH-7674, right posterior peripheral; ETMNH-7689, incomplete posterior
portion of carapace and plastron; ETMNH-8311, incomplete carapace and plastron, plus
numerous indeterminate shell fragments (Figs. 46-47); ETMNH-8550, posterior portions of
carapace plus right and left xiphiplastral (Fig. 48-49); ETMNH-12253, complete right
xiphiplastron and complete right peripheral ?9; ETMNH-12400, right peripheral 3; ETMNH12407, left peripheral ?9; ETMNH-12409, left peripheral 8; ETMNH-12413, left peripheral 7;
ETMNH-12416, right peripherals 6 and 7; ETMNH-12417, nearly complete right costal 6;
ETMNH-12418, complete right costal 5; ETMNH-12419, incomplete left peripheral 9; ETMNH12420, incomplete right costal 3; ETMNH-12423, right peripheral 10; ETMNH-12425, right
peripheral 11; ETMNH-12428, incomplete right peripheral 3, incomplete right epiplastron, and
other indeterminate shell fragments; ETMNH-12522, right hypoplastron and posterior
peripheral; ETMNH-12524, complete right peripheral 10; ETMNH-12754, complete right
33

peripheral 8; ETMNH-12577, incomplete right and left dentaries; ETMNH-12759, nearly
complete right peripheral 10; ETMNH-12789, suprapygal plus two other shell fragments;
ETMNH-12794, complete right costal 9 plus indeterminate carapace fragments; ETMNH-12848,
nearly complete left costal 5 plus indeterminate shell fragments; ETMNH-13032, posterior
portions of the carapace and plastron, and other indeterminate shell fragments (Figs. 81-82);
ETMNH-13033, fragments of a juvenile carapace and plastron, including portions of the anterior
of the plastron, plus indeterminate shell fragments (Fig. 83); ETMNH-13036, portions of the
anterior and middle of the carapace, incomplete right and left epiplastra, incomplete left ischium,
nearly complete left pubis, incomplete left femur, two metatarsals, two pedal phalanges, and
other indeterminate shell and bone fragments (Figs. 84-85).

TYPE LOCALITY: Gray Fossil Site, Washington County, Tennessee, USA.

HORIZON AND AGE: Late Miocene-Early Pliocene (Late Hemphillian LMA, 7.0-4.5 Ma)

DIAGNOSIS: 1) there is a notch between nuchal and first peripherals, at the anterior-most point
of anterolateral surfaces of nuchal, 2) cervical region of nuchal may project anterior to the
anterior-most points of the marginals 1 region; 3) entoplastron projects anteriorly at humeralgular sulcus (anteroposteriorly) in T. inflata, while in GFS Trachemys it remains angled, 4)
anteromedial border of epiplastra form ‘right angle’ with medial border of epiplastron where it is
sutured with opposite epiplastron, 5) more pronounced rugosity in GFS Trachemys, 6) more
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pronounced notching of carapace in GFS Trachemys (>34% notching (GFS Trachemys) vs. 2033% notching on posterior peripherals (T. inflata), 7) GFS Trachemys is less inflated (still more
inflated then other Trachemys) than T. inflata (suggested by Parmalee et al., 2002), 8)
anteroposterior length of nuchal under first marginal is the same length or longer than length
from posterior margin to first vertebral – first pleural – first marginal point in GFS Trachemys
versus less than to perhaps equal to in T. inflata, 9) anterior margin of pygal slightly concave
posteriorly in T. inflata, while flat in GFS Trachemys.

REMARKS: In comparing the GFS Trachemys to T. inflata, a fossil deirochelyine from the late
Miocene of Florida (Weaver and Robertson, 1967), there are several similarities and differences.
The nuchal of the GFS Trachemys has the strongly indented anterior edge that is common in
fossil Trachemys, as does T. inflata. The portion of the nuchal under vertebral 1 is commonly
widest at its anterior edge, and this is the case in T. inflata as well. In the GFS Trachemys,
however, the anterior and posterior edges are roughly equal. The posteromedially-directed and
concavely-curved edges of the region under vertebral 1 are also more strongly curved than in T.
inflata, which tends to exhibit a gentle curve. Anteroposteriorly, the length of the nuchal under
the first marginal is the same length or longer than the length from posterior margin to vertebral
1 – first pleural – first marginal point in GFS Trachemys versus less than, to perhaps equal to, in
T. inflata.
Chrysemys limnodytes, a fossil deirochelyine from the early Pliocene of Nebraska
(Galbreath, 1948), does not appear to possess any serrations or indentations on the anterior or
posterior edges of the carapace, while the GFS Trachemys does. Chrysemys limnodytes also does
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not possess indents at the sulcus between the femoral and anal, nor at the posteromedial edge of
the plastron between the anals (anal notch), while the GFS Trachemys does. As in Trachemys
inflata, C. limnodytes has the anterior edge wider than the posterior edge of the vertebral 1 region
of the nuchal, which differs from the GFS Trachemys.
Trachemys bisornata, a fossil deirochelyine from the Pleistocene of Texas (Cope, 1878b),
has its entire dorsal surface of the nuchal rugose, while only the first pleural regions of the GFS
Trachemys are rugose. The dorsal surface under the vertebrals also has various ridges and
rugosities, while this surface is smooth in the GFS Trachemys. Recovered elements of T.
bisornata, including the nuchal and peripherals, show that the turtle was a great deal more
gracile than the GFS Trachemys and T. inflata.
The holotype of Trachemys delicata (USNM 8823), collected from the Pleistocene of
Florida, was believed to be a fourth right costal (Hay, 1916). It has longitudinal rugosity towards
its lateral area. If this specimen is a fourth costal, then the sulcus between the two pleurals runs
almost directly down the middle of the costal. On the fourth costal of the GFS Trachemys,
however, this sulcus bends towards the lateroposterior corner. If USNM 8823 is a second right
costal instead, then the orientation of the sulcus agrees. Although if it is a second costal, then T.
delicata still differs from the GFS Trachemys in its medial edge, which is broader and more
strongly angled in the former.
Trachemys euglypha, collected from the Pleistocene of Florida (Leidy, 1889a), differs
from the GFS Trachemys in the former having a smaller overlap of the first pleurals on the
nuchal, with its anterior border being straight, rather than concave posteriorly as in the GFS
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Trachemys. Also different is the nuchal of T. euglypha being rugose under vertebral 1. The
region under vertebral 1 also projects anteriorly up between the first marginals in T. euglypha.
While the anterior of the shell is not present in Trachemys hillii, the posterior is not
serrated, in contrast to the GFS Trachemys. Trachemys hillii is known form the late Miocene of
Kansas (Cope, 1878a). The humerals are anteroposteriorly shorter in T. hillii. The shell of T.
hillii is more subrectangular, with both bridges being nearly parallel or sub-parallel, while the
shell of the GFS Trachemys is more rounded. The shell of T. hillii is more flattened
dorsoventrally as well. The anterior edge of the pygal of T. hillii is also concave posteriorly,
while that in the GFS Trachemys is straight (see character 143 (Pygal C)).
Trachemys idahoensis, originally named Pseudemys idahoensis and collected from
Pliocene deposits in Idaho (Gilmore, 1933), has various differences with the GFS Trachemys.
Anteriorly, the nuchal of T. idahoensis is not notched (or serrated) and the cervical does not
project past the anterolateral edges (first marginal region) of the nuchal. The anterior edge of the
carapace is not notched or serrated either, although there are approximately two very
inconspicuous indents between the first three marginals. A more elongate and less rounded (oval)
shell is present in T. idahoensis, compared with the GFS Trachemys, and is almost twice the
length (approximately 35.0 cm for T. idahoensis versus 20.5 cm for the GFS Trachemys).
Vertebral 1 is also quite distinct in T. hillii, with a constriction immediately posterior to the
anterior edge, giving it a ‘sub-hourglass’ shape, and the anterior edge flaring laterally.
Posteriorly, the posterior border of the suprapygal in T. idahoensis has two fairly sharp angles,
giving it three distinct segments, while that in the GFS Trachemys is well rounded with only a
single distinct segment. Trachemys idahoensis possesses only a single set of serrations (between
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the marginals) on the posterior edge of the carapace, while the GFS Trachemys contains two sets
(between the marginals and between the peripherals). The pygal is also distinct, being strongly
‘pinched-off’ from the surrounding peripherals, elongated, and having a narrow, small indent at
its posterior edge (presumably lying between the 12th marginals). Anteriorly, the anterior lobe of
the plastron extends beyond the anterior edge of the carapace in the GFS Trachemys, but not in
T. idahoensis, where it is essentially even with it. Both the anterior and posterior lobes of the
plastron in the GFS Trachemys are inflated (laterally), while this is not the case in T. idahoensis.
The humeral-pectoral sulcus contacts the entoplastron in T. idahoensis but does not in the GFS
Trachemys. A medial indent, present at the femoral-anal sulcus, is small and inconspicuous in
the former taxon but pronounced in the latter. Finally, the anal notch of the plastron is quite
pronounced in T. idahoensis but less conspicuous in the GFS Trachemys.
Since Trachemys petrolei, from the Pleistocene of Texas (Leidy, 1868), is made up of
very fragmentary material, little comparison is possible. However, it can be seen that T. petrolei
seems to lack, at least significant, anterolateral gular projections, while the GFS Trachemys does
exhibit them. The cervical region of the nuchal also has subparallel lateral sides in T. petrolei.
The first marginals region in the younger taxon (T. petrolei) is broad anteriorly, with some fine
serrations on its edge, distinct from the GFS Trachemys. Also noted is that vertebral 1 in T.
petrolei is broader anteriorly than posteriorly. A single peripheral is preserved and, while it does
exhibit a small indent between the corresponding marginals, it seems that there would be no
indent present between the peripherals.
Trachemys platymarginata, collected in Pliocene strata of Florida (Weaver and
Robertson, 1967), has several differences from the GFS Trachemys. Distinct from the GFS
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Trachemys, the nuchal is not serrated, and the cervical region does not extend beyond the
anterior border of the first marginal region. The shell is not strongly inflated (= thickness of
elements) either, which seems to be most prominent in the GFS Trachemys and T. inflata.
Anteriorly, the anterior edge of the carapace does not exhibit serrations (indentations) between
the marginals or peripherals. Trachemys platymarginata would have been a longer turtle than the
GFS Trachemys and is more elongate and oval. This also means that the neurals are more
elongate and thinner. This is most evident on neural 3, with a very thin posterior border. The
lateral edges of the carapace are sub-parallel compared to the rounder carapace of the GFS
Trachemys. There is little evidence of a median keel in T. platymarginata, which would have
been somewhat inconspicuous. As evidenced by the posterolateral peripherals, however, the
posterior edge of the carapace would have had double serrations (between the peripherals and
between the marginals). The carapace was not highly-domed, although this could be sexually
dimorphic. The gular region of the epiplastra projects anteriorly, although there are no
anterolateral projections of the gular region.
Trachemys sculpta, known from the Pleistocene of Florida (Hay, 1908), is distinct from
the GFS Trachemys in several ways. Trachemys sculpta has only small indents on either side of
the cervical region of the nuchal. The nuchal is also covered in various ridges and sculpturing,
while only the first pleurals region of the nuchal of the GFS Trachemys is. The vertebral 1 region
of the nuchal is wider anteriorly than posteriorly. Anteriorly, the edge of the carapace lacks
serrations or indentations in T. sculpta. Dorsally, the entire carapacial surface of T. sculpta is
textured, while in numerous others, including the GFS Trachemys, the region under the
vertebrals is smooth or relatively smooth. Posteriorly, the posterior edge of the shell has double
serrations (between the marginals and between the peripherals), although these are all quite
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inconspicuous. Posteriorly, the posterior border of the suprapygal also has two somewhat sharp
angles and three segments, similar to T. idahoensis. The anterior and posterior plastral lobes do
not flare out laterally. Finally, the abdominal-femoral sulcus is more flattened and less curved
than in the GFS Trachemys.
Trachemys trulla, known from the Pleistocene of Texas (Hay, 1908), is distinct from the
GFS Trachemys in a few characteristics. Anteriorly, the anterior projection of the gular region of
the epiplastra is prominent, although it does lack serrations and anterolateral projections of the
gular region. The anterior and posterior plastral lobes are only slightly laterally inflated, not
nearly to the degree as in the GFS Trachemys. The anal notch is also less conspicuous in T.
trulla.
Trachemys scripta, the modern species, is also distinct from the GFS Trachemys,
although the former is highly variable and can often make taxonomic comparisons difficult. In
general, there are only small indentations on either side of the cervical region, and the anterior
edges of the first marginal region of the nuchal are flattened rather than pointed, as in the GFS
Trachemys. Dorsally, the only completely smooth region of the nuchal is the cervical region in T.
scripta. The region of the nuchal under vertebral 1 is also wider anteriorly than posteriorly.
Under the vertebrals, the carapacial surface is ridged and textured. While the anterior edge of the
carapace is not serrated, there can be a small indent between the first and second marginals.
Posteriorly, the posterior rim of the carapace does exhibit double serrations (between the
peripherals and between the marginals). The anterior edge of the pygal is concavely-curved
posteriorly, while it is straight in the GFS Trachemys. The plastron is covered in texturing and
low ridges in T. scripta. Anteriorly, the anterolateral gular projections on the epiplastra are small
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and more inconspicuous than in the GFS Trachemys. The anterior and posterior plastral lobes are
slightly inflated, albeit less so than in the GFS Trachemys. The abdominal-femoral sulcus is
relatively straight as well. The medial indent at the lateral edges of the femoral-anal sulcus is less
prominent as is the anal notch at the posterior edge of the xiphiplastra between the anals.
Holman and Parmley (2005) referred several shell fragments to Trachemys cf. T. inflata
from the late Hemphillian of Nebraska. This referral was based on the original identification of
the GFS Trachemys material to Trachemys cf. T. inflata by Parmalee et al. (2002). In regards to
the xiphiplastron (MSUVP 831) referred (Holman and Parmley, 2005:fig. 2), there is no, or at
least no significant, anal notch present. The GFS Trachemys has a significant anal notch present.
The nuchal, with its thickness and general morphology, does suggest Trachemys however. The
Hemphillian Nebraska material discussed by Holman and Parmley (2005) are conservatively
identified as Trachemys sp. until further material is recovered.
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CHAPTER 3
DESCRIPTION OF THE GRAY FOSSIL SITE TRACHEMYS

Methods
Terminology used throughout this chapter follows several well-known previous studies,
including Thomson (1932), Zangerl (1969), Gaffney (1972), Ernst and Barbour (1989), and
Joyce (2007), among others. Measurements are all maximum lengths and/or widths unless
otherwise stated. Orientations are all in proper anatomical position unless otherwise stated as
well.

Shell
Trachemys from the Gray Fossil Site (GFS) is represented by several well preserved and
mostly three-dimensional shells (including both carapaces and plastra). While the specimens are
commonly somewhat crushed or ‘deformed’ while in situ, careful preparation work allows them
to commonly be re-assembled in their three-dimensional forms. While many are incomplete or
single elements, a number of individuals are nearly complete, three-dimensional shells. This
allows for keen observations and interpretations (Figs. 2-12, 42-88).
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Figure 2. ETMNH-8549, dorsal view of carapace. Scale bar equals 10 cm.
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Figure 3. ETMNH-8549, line drawing of dorsal view of carapace, focusing on the bones. Dark
solid lines outline the bones of the shell, while the lighter dotted lines outline the scutes of the
shell. Scale bar equals 10 cm.
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Figure 4. ETMNH-8549, line drawing of dorsal view of carapace, focusing on the scutes. Dark
dotted lines outline the scutes of the shell, while the lighter solid lines outline the bones of the
shell. Scale bar equals 10 cm.
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Plastron
(FIGURES 5-7, 42-45, 47, 49, 52-54, 56-59, 61-63, 65-74, 76-78, 80, 82-83, 85, 87-88)
The plastra all follow the general emydid shape and make-up. The plastron is made up of
two epiplastra, an entoplastron, two hyoplastra, two hypoplastra, and two xiphiplastra. On
ETMNH-8549, the entire plastron measures approximately 20.50 cm anteroposteriorly. A suture
runs medially through the plastron separating the two sides and the elements of the plastron that
have pairs. It does not, however, run through the entoplastron, as is the case with other emydids
and turtles in general.

Sutures of the Plastron
(FIGURES 5-6)
The epiplastra are the anterior-most bones of the plastron and contact the entoplastron
posteromedially and the hyoplastra posterolaterally. They are each 40.10 mm maximum
(anteroposterior) length by 43.20 mm (mediolateral) width. The anterior border is commonly
‘shoveled’ and is curved ventrally on either side of the medial suture between the two epiplastra.
The anteromedial-most border varies slightly in thickness. Moving laterally from the suture,
serrations are commonly found, although not in ETMNH-8549. This is from generalized wear,
presumably a taphonomic feature on the specimen, which has a generalized slightly-worn
appearance. The serrations get more pronounced laterally. The lateral-most projection on either
epiplastra is the largest and most pronounced. These are the only projections that can also be
seen running posteriorly on the visceral surface, creating two small visceral keels. At the
46

Figure 5. ETMNH-8549, ventral view of shell, focusing on plastron. Scale bar equals 10 cm.
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Figure 6. ETMNH-8549, ventral view of shell, focusing on plastron and the bones. Dark solid
lines outline the bones of the shell, while the lighter dotted lines outline the scutes of the shell.
Scale bar equals 10 cm.
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Figure 7. ETMNH-8549, ventral view of shell, focusing on plastron and the scutes. Dark dotted
lines outline the scutes of the shell, while the lighter solid lines outline the bones of the shell.
Scale bar equals 10 cm.
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posterior-most extent of these projections on the visceral surface, a depression is found slightly
medially. The slightly ‘tear-drop’ shaped depression is angled anteromedially. At the medial
suture between the ‘tear-drop’ depressions, the visceral surface rises slightly dorsally. Lateral to
the most pronounced projections, the lateral edges of the plastron bend slightly ventrally, and
both become slightly thinner posteriorly. The epiplastra wrap around either anterolateral side of
the entoplastron. The posterior borders of the epiplastra point anterolaterally to the lateral edge.
The suture between the epiplastra and hyoplastra exhibit a sigmoidal curve as well. This is more
pronounced than seen in the GFS Chrysemys.
The entoplastron is a slightly ‘triangular’ shaped bone found medioposteriorly to the
epiplastra and contacting the epiplastra anteriorly and laterally, and the hyoplastra posteriorly
and laterally. This shape in the entoplastron is commonly found in almost all turtles, specifically
emydids. In ETMNH-8549, the element measures 26.70 maximum (anteroposterior) length and
37.65 mm maximum (lateral) width. All entoplastra specimens from the GFS had a greater width
than length. Ventrally, it can be shown that the entoplastron is slightly rounded posteriorly,
although can sometimes have a small point medially. The lateral-most points are commonly
somewhat rounded, although they do come to more of a point in some specimens. The
anterolateral border is commonly bowed medioventrally and, in fact, is also commonly a
sigmoidal curve, although this bowing can vary between very slight to more pronounced.
Anteriorly, the entoplastron is well rounded, although can sometimes have a more pronounced
point medially. Viscerally, the entoplastron appears wider mediolaterally and shorter
anteroposteriorly. Anteriorly, there is a rounded indentation that groups closely with the two
‘tear-drop’ indentations found on the epiplastra. Posterior to the indent, the visceral surface
projects dorsally and becomes a bit wider dorsoventrally. There is a projection at the
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medioposterior most point of the entoplastron on the visceral surface. This projection also
exhibits a dorsal keel. This keel stops abruptly on the posterior most point of the entoplastron
and is not found on the hyoplastron or any other part of the visceral surface of the plastron.
The hyoplastra are a pair of sub-rectangular bones that contact the epiplastra
anterolaterally, the entoplastron anteromedially, the hypoplastra posteriorly, and the peripherals
of the carapace laterally as the anterior part of the bridge. The medial border of each hyoplastron
is smaller and more constricted anteroposteriorly than the lateral borders (assuming one
measures the whole thing and not just the bridge section that contacts the carapace). The two
hyoplastra are commonly offset (ETMNH-8549), but this is not always the case, as in ETMNH
11642. In ETMNH-8549, the width of each hyoplastron is roughly 72.10 mm (mediolaterally)
and the maximum (anteroposterior) length is 44.25 mm medially for the right hyoplastron versus
51.22 mm medially for the left hyoplastron. Laterally, the maximum (anteroposterior) length is
70.65 mm for both sides. Due to the rounded and curved shapes of the entoplastron and
epiplastra, the anterior border of the hyoplastra have various curves, although there is commonly
an anteromedial projecting point of the hyoplastra found at the contact of the eiplastra and
entoplastron on the anterior border. The medial and posterior borders of the hyoplastra are both
relatively straight. Laterally, the hyoplastron make up the anterior portion of the bridge of the
turtle’s shell. The anteroposterior length on the lateral surface of the hyoplastra is comprised of
approximately 31.5 mm anterior to the bridge and approximately 40.6 mm of the bridge.
Comparatively, there is approximately 54.65 mm of contact between the bridge-portion of the
hyoplastron and the carapace. The contact between the carapace and plastron at this location is
often somewhat convexly-curved. The bridge-portion itself is similar to other emydids.
51

Viscerally, the hyoplastra have relatively little distinguishing characteristics. It is a relatively flat
and smooth surface, only really changing laterally to make up part of the bridge.
The anterior portion of the plastron is similar to other deirochelyines. The portion of the
epiplastra covered by the gular projects further anteriorly than any other part of the plastron. It is
often somewhat inflated. The two lateral projections on the epiplastra mark a sharp contrast
where the plastron cuts back posteriorly. Posterior to this, the lateral edges of the plastron are
very well rounded, specifically under the humeral scutes. This large convex lateral curve pinches
at the contact between the humerals and the pectorals. The plastron then expands laterally again
to make up the anterior-part of the bridge. The bridge projects anteriorly again dorsally over part
of the hyoplastra under the humeral scutes.
The hypoplastra lie posterior to the hyoplastra and contact the hyoplastra anteriorly, the
xiphiplastra posteriorly, and the peripherals of the carapace laterally as the posterior part of the
bridge. Unlike the medial border of the hyoplastra, the medial border of each hypoplastron is
generally the same anteroposterior length as the lateral border. The two hypoplastra can be offset
as well, as in ETMNH-8549, but this coincides with the hyoplastra, so that if the latter are offset,
the former will be as well. In ETMNH-8549, the width of each hyoplastron is roughly 67.25 mm
(mediolaterally) and the maximum (anteroposterior) length is approximately 63.10 mm medially
for the right hyoplastron versus 56.64 mm medially for the left hyoplastron. Laterally, the
maximum (anteroposterior) length is 64.15 mm for both sides. When the sutures are offset
between the hyo- and hypoplastra (as in ETMNH-8549), the total anteroposterior width of both
sets of elements should come out to be essentially equal. The anterior border of the hypoplastron
commonly has a slightly concave posterior curve while the medial border is essentially straight.
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Compared to the hyoplastron, the bridge-portion makes up a greater majority of the
hypoplastron. There is approximately 21.75 mm posterior to the bridge, while the bridge-portion
of the hypoplastron is approximately 43.5 mm, while the bridge contact between the
hypoplastron and carapace is 50.57 mm long. The contact between the carapace and plastron at
this location is often somewhat convexly-curved, although it curves ventrally at its posteriormost region. The bridge-portion itself is similar to other emydids. Posterior to the bridge, the
hypoplastron flares out laterally. It also comes to a point lateroposteriorly. This lateroposterior
point is the posterior-most point of the hypoplastron. The visceral surface is quite smooth, with
little other morphology other than what is common in Testudines. As is also common with
turtles, there is a medial ‘lump’ that is raised dorsally. The medial ‘lumps’ on each hypoplastron
connect with each other, leaving a raised area on the visceral surface of the plastron in the pelvic
region.
The xiphiplastra are the posterior-most bones of the plastron and contact the hypoplastra
anteriorly. These elements exhibit a significant amount of notching, especially apparent when
both are present. The xiphiplastron has a maximum (anteroposterior) length of 51.20 mm and a
maximum (mediolateral) width of 46.62 mm. The medial suture between the two xiphiplastra,
however, only has a maximum (anteroposterior) length of 44.30 mm. The notching is prevalent
between the two xiphiplastra and on the lateral border at the contact between the femoral and
anal scutes. Small serrations are common well-preserved xiphiplastra, especially at the apex of
the convex curved surfaces. The medial sutural contact between the two xiphiplastra is straight.
Viscerally, there is a lip where the scutes terminate. There is a dorsally-raised region where this
termination nears the anterior border of the xiphiplastra, which leads to the bridge on the anterior
hypoplastra.
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The posterior portion of the plastron is similar to other deirochelyines, specifically
Trachemys, Pseudemys, and Graptemys. The notching is very prominent and is found on the
medioposterior border between the two xiphiplastra and the lateral point of the sulcus between
the femoral and anal scutes. The posterior plastron is also convex laterally anterior to the
notching and this curve is made up of the hypoplastron anteriorly and the xiphiplastron
posteriorly. There is sometimes a slight mediolateral ‘pinching’ between the hypoplastron and
the xiphiplastron, but when this is present it is still quite small. The large convex lateral curve
ends at the contact between the femoral and anal scutes (anterior-most notch). The plastron
expands laterally to make up the posterior-part of the bridge. The bridge projects posteriorly as
well as dorsally over part of the hypoplastra under the femoral scute.

Sulci of the Plastron
(FIGURES 5, 7)
The surface of the plastron is covered with a number of scutes (or scales), of which the
sulci left behind can give an indication of their morphology and appearance. The GFS taxon is
interpreted as having a pair of gular scutes, a pair of humeral scutes, a pair of pectoral scutes, a
pair of abdominal scutes, a pair of femoral scutes and a pair of anal scutes. It is of note that one
specimen (ETMNH-11643, Fig. 59B) had an oval-shaped scute located medially between the
abdominals and the femorals. This feature was not seen on any other specimens and is
considered an aberrant feature not characteristic of the GFS taxon.
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The gular scutes are found lying medially on the epiplastra and the entoplastron. The
border between the gular and humeral scutes is located lateral to the most pronounced
projections on the epiplastra. It commonly makes an angle of roughly 70o and comes to a
posterior point in the middle of the entoplastron. The border between the gulars and the humerals
is not completely straight and is slightly bowed posterolaterally. On the visceral surface the gular
scutes terminate just anterior to the two ‘tear-drop’ depressions. They project slightly more
posteriorly lateral to the two depressions. This also helps give a slightly concave medial curve to
this portion of the gular sulcus. The depressions, being located posterior to the gulars and medial
to the humerals, are not covered by any scutes. There is also a slight depression around the
termination of the gular and humeral scutes on the visceral surface.
The humeral scutes lie on parts of the epiplastra, the entoplastron, and the hyoplastra.
They do not project anterior on the plastral lip like the gulars and pinch down medially. They
have a large convex curve laterally, helping to give the anterior portion of the plastron an inflated
look. Posteriorly, the humerals iare relatively flat, with only a slight anterolateral curve until the
lateral-most portion. Laterally, on the posterior sulcus between the humerals and pectorals, there
is a sharp convex anterior curve. Medially, the portions of the humerals are almost evenly spaced
on the epiplastra, the entoplastron, and the hyoplastra, although the hyoplastra generally receive
the smallest portion.
The pectoral scutes are smaller than the humeral, abdominal, and femoral scutes. They are
generally anterioposteriorly thin scutes. As is the case with all the contacts, the anterior border of
the pectoral is the same as the posterior border of the humeral, and, therefore, the same
characteristics apply to both. There is a generalized convex posterior curve to the pectoral, as is
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common in deirochelyines. As the femoral reaches the bridge though, there is a fairly sharp
convex anterior curve. Laterally along the bridge, the femoral contacts the axillary scute and the
4th and 5th marginals. Due to the curvature of the posterior border of the femoral, its posteriormost point lies laterally on the hyoplastra.
The axillary and inguinal scutes are located anteriorly and posteriorly on the bridge. The
axillary scute is relatively small and contacts the hyoplastron posteriorly, the 3rd marginal
anteriorly and the 4th marginals laterally. Its anterior and lateral surfaces are relatively straight.
Its posterior border, however, is not and, instead, exhibits a more complicated sigmoidal curve. It
has a generally sub-rectangular like shape.
The inguinal scute, on the other hand, is located posteriorly on the bridge and is larger
than the axillary scute. The inguinal scute projects anteriorly onto the bridge while the axillary
scute is almost exclusively confined anterior to the bridge. The inguinal scute barely contacts the
6th marginal but more completely contacts the 7th and 8th marginals laterally and posteriorly,
along with the hypoplastron medially. It has a generalized sub-triangular like shape.
The abdominals are the largest scute set on the plastron. They cover a majority of the
bridge, and up to roughly one-third of the total ventral surface of the plastron. Just as with the
posterior border of the humerals discussed above, the lateral-most portion of the anterior border
is convexly-curved. The lateral edges of the abdominals contact the marginal along the bridge.
The abdominals somewhat pinch out laterally though, so that they only contact the 6th marginal.
Laterally, they also contact the inguinal scutes. Due to the wedge-like (sub-triangular) shape of
the inguinal scute, the posterolateral edge of each abdominal curve in medially. Therefore, the
anterior border of the abdominal is wider mediolaterally than the posterior border. The posterior
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border of the abdominal is very similar to the posterior border of the pectoral with a generalized
convex posterior curve.
The femorals are located posterior to the abdominals and anterior to the anals. Their
anterior border is the same as the posterior border of the abdominals discussed above. Similar to
the humerals, the lateral edges of the bone under the femorals flares out laterally and appears
inflated. The anterior notches of the posterior plastron are found at the posterolateral edges of the
femorals. This gives the femorals a relatively sharp point posterolaterally. Immediately medial to
the notches, the posterior border of each of the femorals angles anteriorly, which is found on
both sides of the plastron and contact each other at the medial contact of the plastral elements.
The anals are the posterior most scute on the plastron. The medial contact is generally
quite flat, and the anterior border makes a sharp anterior angle, which was further discussed
above with the femorals. When looking at each side individually, the anals are sub-trapezoidal to
sub-triangular in shape, depending on how rounded or pointed the posterior most part of the
plastron is. The prominent notching is easily seen in the anals as well, as there is the notch
posteromedially and the notches found anterolaterally at the lateral contact of the anal and the
femoral. On the visceral surface, there is a depression that runs around the medial termination of
the anal. This depression, however, is normally far more prominent on the posterior plastron than
on the anterior plastron.
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Figure 8. ETMNH-8549, left-lateral view of shell. Scale bar equals 10 cm.
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Figure 9. ETMNH-8549, line drawing of left-lateral view of shell, focusing on the bones. Dark solid lines outline the bones of the
shell, while the lighter dotted lines outline the scutes of the shell. Scale bar equals 10 cm.
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Figure 10. ETMNH-8549, line drawing of left-lateral view of shell, focusing on the bones. Dark dotted lines outline the scutes of the
shell, while the lighter solid lines outline the bones of the shell. Scale bar equals 10 cm.
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Figure 11. ETMNH-8549, anterior view of shell. Scale bar equals 10 cm.
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Figure 12. ETMNH-8549, posterior view of shell. Scale bar equals 10 cm.
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Carapace
(FIGURES 2-4, 42-44, 46, 48, 50-51, 55, 57-60, 63-64, 66-75, 77-79, 81, 84, 86, 88)
There are a number of well-preserved carapaces, either partial or nearly complete. These
give a good indication of the general size, shape, and characteristics of the taxon. ETMNH-8549
is a medium-sized individual but one that has clearly reached adulthood based on fusion of the
shell and carapace elements. The carapace is approximately 20.13 cm long (anteroposteriorly)
and 17.0 cm wide (laterally). The carapace of ETMNH-8549 is very nearly complete and is only
missing neural 1, the medial part of the left costal 6, small fragments of right costals 1 and 2, the
lateral part of right costal 7, small fragments from right peripherals 4, 5 and 6, and right
peripheral 7. The carapace of the GFS taxon comes in two different forms; a more highly domed
form (ETMNH-8549, Figs. 2, 5, 8, 11, 12), and a somewhat flattened form (ETMNH-6935, Figs.
42-44). A median keel is present on parts of the carapace, including the neurals, and is
specifically on the nuchal and the posterior-half of the shell. When the keel is present on the
neurals, it is commonly immediately followed, both posteriorly and laterally, by a depression.
These depressions form angles that point posteriorly and seem to end just lateral to the neural
arch articulation with the neurals. Posteriorly on the shell, in lateral view, is a medioventral
inflection of the shell. This inflection occurs around neural 7 and inflects back dorsally around
neurals 8 and 9. This generalized inflection, or depression, is present on all specimens and is not
considered a taphonomic or preservational artifact, but a legitimate characteristic. Anteriorly,
there is slight double-notching of the carapace. This is when there is a medial concave curvature
between the elements (peripherals) and the scutes (marginals). These two inward curves make
for two sets of notches, although the notching between the marginals is always far more
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pronounced then that between the peripherals. Posteriorly, the double-notching becomes far
more prominent in general, with the projecting shell elements becoming thinner and the notches,
specifically those between the marginals, becoming deeper.

Sutures of the Carapace
(FIGURES 2-3)
The nuchal is similar in morphology to other fossil Trachemys, specifically T. inflata.
The nuchal is complete in ETMNH-8549 and, indeed, there are several complete nuchal bones
present of the GFS taxon. All tend to share the same general morphology. The nuchal tends to be
slightly wider (49.55 mm laterally) than long (48.15 mm anteroposteriorly), and all current
nuchal specimens adhered to this. The nuchal exhibits prominent notching on the anterior border.
This notching was somewhat variable, although, in all instances the medial projection (the bone
under the nuchal scute) projects close to, but not quite as anteriorly, as the two lateral projections
(bone under the two 1st marginals). The two anterolateral edges of the nuchal exhibit a concave
curve posteromedially. The two lateral sides come to a sharp point where they meet the two
costal 1s, and reverse direction with a very slight curve anteromedially, or have an essentially
straight border. The posterior-most border of the nuchal contacts neural 1 and has a concave
curve anteriorly. The dorsal surface of the nuchal shows heavy inflation, but that is discussed
further below with the sulci of the carapace. The posterior half of the nuchal under the vertebral
1 scute shows the anterior portions of a median keel. On the visceral surface, there is a slight
depression around the sulcus of the cervical scute. There is also a depression around the posterior
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termination of the cervical scute and 1st marginals. Lateral to this depression are two slight
costiform processes. These processes are faint and continue onto the medial portion of peripheral
1. This latter depression has a sigmoidal curve, with it curving concavely anterior at the cervical
and convexly anterior at the marginals. Viscerally, there is a steep inflection at this depression,
and the nuchal curves dorsally quite sharply at this lip. The lip itself is the most robust part of the
nuchal, and the posterior-most portion becomes increasingly thin and gracile. At the very most
posterior point, the anterior-most section of the neural attachment for the thoracic vertebrae is
present.
The neurals are nearly all known from ETMNH-8549 (neural 1 is missing), although the
entire neural column is known from the variously referred specimens. All specimens exhibit or
are inferred to exhibit a series of nine neurals, and these neurals all exhibit similar neural
morphology, with most being sub-hexagonal to sub-ovoid in shape. Neural 1 in ETMNH-8549,
while it is missing, can still be measured to have a maximum length of approximately 25.07 mm
and a maximum width of approximately 20.18 mm. It contacts the nuchal and costal 1. Neural 1
has an oval shape, with all of its borders being slightly convex. It has a convex posteriorlycurved depression on its surface posteriorly where vertebrals 1 and 2 contact each other. Neural 1
projects slightly laterally at the conjunction of vertebral 1 and 2 and pleural 1. Neural 1 shows
the anterior portion of a slight median keel as continued from the posterior portion of the nuchal,
but posteriorly on neural 1 under vertebral 2 this keel changes abruptly to a depression. The
visceral surface of neural 1, similar to that of neurals 2-8, is essentially smooth and flat except
for the neural attachment of the thoracic vertebrae.
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Neural 2 is generally as wide as neural 1, albeit a little shorter and contacts costals 1 and
2, along with neurals 1 and 3. In ETMNH-8549, neural 2 has a maximum length
(anteroposteriorly) of 22.97 mm and a maximum width (mediolaterally) of 21.88 mm.
Anteriorly, neural 2 is concave in conjunction with the convex curve of the posterior edge of
neural 1. Laterally, neural 2 angles laterally for a very short distance (approximately 3-4 mm)
where is comes in contact with the contact between the borders of costals 1 and 2. The lateral
border of neural 2 then angles slightly medially till its posterior edge. In ETMNH-8549, as in
other GFS specimens, this posterolateral border has a somewhat sigmoidal curve. Posteriorly,
neural 2 has a convex curve. On the dorsal surface, neural 2 exhibits a medial depression that
runs anteroposteriorly. This is less prominent on some specimens that are considered
taphonomically smoothed. Two slightly raised ridges appear laterally to the medial depression
and these angle medially toward the posterior of neural 2.
Neural 3 is prominent and contacts costals 2 and 3, along with neurals 2 and 4. Its anterior
edge is concave as it contacts the convex posterior border of neural 2. Neural 3 has a maximum
length of 24.67 mm and a maximum width of 23.08 mm in ETMNH-8549. It also exhibits the
slight lateral projection (approximately 4-6 mm distance from anterior edge) anteriorly as in
neural 2 and then angles slightly medially posterior to this lateral projection. The posterior
border is generally slightly convex, although it can be nearly flat as well. Its lateral borders can
also be slightly convex, opposite the condition seen in neural 2. There is a thin depression that
runs laterally on the posterior portion of neural 3. This depression coincides with the contact
between vertebrals 2 and 3 and is concave anteriorly. There is a slight lateral projection of neural
3 at the contact between vertebrals 2 and 3, similar to the condition seen in neural 1. The two
ridges present in the posterior portion of neural 2 continue onto the anterior portion of neural 3.
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This ridge pinches out and is surrounded laterally by another depression. This depression comes
to a point on the anterior half of neural 3.
Neural 4 is another prominent neural in the column and contacts costals 3 and 4, along
with neurals 3 and 5. In ETMNH-8549 it has a maximum length of 21.95 mm and a maximum
width of 25.95 mm. Similar to that seen in the other neurals, the anterior edge of neural 4 is
concave. While it does exhibit the slight lateral projection anteriorly as was present in neurals 2
and 3, this projection is now larger and pushed more posterior on the neural (approximately 6-9
mm from the anterior edge). The posterolateral borders are also straighter and less concavelycurved. The posterior border is nearly completely flat, with only a barely-visible concave curve
to it. On the dorsal surface, a slight median keel is barely visible.
Neural 5 is also a prominent neural in the column and contacts costals 4 and 5, along with
neurals 4 and 6. Neural 5 in ETMNH-8549 has a maximum length of 21.00 mm and a maximum
width of 26.64 mm. The borders of neural 5 are all quite similar to those of neural 4. Neural 5
also has a concave anterior border and, as is the case with neural 4, exhibits a larger lateral
projection on its anterior end (approximately 7.0-9.5 mm from the anterior edge. Posterior to this
projection, the lateral edges are slightly concavely-curved. The posterior edge has now become
essentially flat mediolaterally. The median keel is more prominent on neural 5 than on neural 4.
There is a prominently deep, but thin, lateral depression that is concave posteriorly. The
curvature of this depression is more prevalent than that present on neural 1 or neural 3. The
depression is the sulcus between vertebrals 3 and 4.
Neural 6 is the most hexagonally-shaped neural and contacts costals 5 and 6, along with
neurals 5 and 7. Neural 6 in ETMNH-8549 has a maximum length of 24.65 mm and a maximum
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width of 16.51 mm. The anterior portion of the lateral border to the lateral points measures
approximately 8.5 mm, while the posterior portion measures approximately 9.5 mm. The anterior
portion is straight, while the posterior portion is slightly concave medially. The posterior border
is also essentially straight, similar to the posterior border of neural 5. The median keel is
especially prominent on the dorsal surface of neural 6.
Neural 7 is similar to the hexagonally-shaped neural 6, although it is smaller. It contacts
costals 6 and 7, along with neurals 6 and 8. In ETMNH-8549, the maximum length is 16.25 mm
and the maximum width is 19.88 mm. The anterior and posterior portions of the lateral border,
separated by the lateral projection are roughly equal, although this is slightly skewed anteriorly
in ETMNH-8549.
Neural 8 is a rather small bone that contacts costals 7 and 8, along with neurals 7 and 9. In
ETMNH-8549, neural 8 has a maximum length of 13.25 mm and a maximum width of 12.68
mm, making it the smallest neural present. Despite these measurements being almost equal, the
element is sub-rectangular in shape with two small lateral projections anteriorly. Anterior to
these lateral projections measures only 2.7 mm, while posterior to these there is 10.9 mm of
lateral border. The posterior lateral borders are generally slightly concave and the posterior
border is essentially straight (laterally). On the dorsal surface, the median keel is readily visible.
Posteriorly on the dorsal surface of neural 8, there is a depression that represents the sulcus
between vertebrals 4 and 5. This depression is normally found on neural 8 and is concave
posteriorly. The location of the depression that represents the sulcus between vertebrals 4 and 5
can shift slightly, and is even found on the posterior-most portion of neural 7 in some specimens,
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such as ETMNH-8549. On the visceral surface, the neural attachment decreases in size
posteriorly until it is completely gone.
Suprapygal 1 has a maximum length of 10.33 mm and a maximum width of 9.28 mm in
ETMNH-8549. It contacts costal 7, suprapygal 2, and neural 8. Suprapygal 1 is generally ovoid
in shape, with the widest point found posteriorly. It is generally flat along its anterior border and
is slightly convex along its lateral and posterior borders. The anterior suprapygal still exhibits a
fairly prominent median keel on its dorsal surface. On the visceral surface, the neural attachment
for the thoracic vertebrae is no longer present, but a faint, uneven surface is present medially.
Suprapygal 2 is similar in morphology to other deirochelyines. It has a maximum length of
21.17 mm and a maximum width of 30.16 mm in ETMNH-8549. It is sub-round to sub-ovoid in
shape. The element is slightly concave on its anterior end with two laterally-projected points on
its lateral borders. With respect to these points, the anterior portion of the lateral border is longer
and more prominent than the posterior portion (16.41 mm versus 11.81 mm, respectively). On
the dorsal surface, the median keel is still present on the anterior-half of the suprapygal. Lateral
to both sides of the median keel is a depression. Posterior to the median keel, the posterior
suprapygal has a sort of inflection point where it dips down ventrally and its dorsal surface
becomes flatter.
The pygal is the medioposterior-most bone of the carapace. It contacts the suprapygal and
the left and right peripheral 11s and is prominently notched. In ETMNH-8549, the pygal has a
maximum length of 28.18 mm to the posterior-most distal point, a minimum length of 17.85 mm
to the anterior-most point of the notch, and has a maximum width of 24.15 mm. Its anterior and
lateral borders are quite flat. The two posteriorly-projecting points are of equal length. Dorsally,
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there is a depression at the sulcus between vertebral 5 and the right and left 12th marginals. There
is a strong depression between the bone beneath vertebral 5 and that beneath the marginals.
There is a second, perpendicular depression between the two 12th marginals on the posterior
portion of the pygal. The bone beneath the scutes on the pygal, specifically under the marginals,
is heavily inflated. The posterior notch on the pygal makes an angle of about 50º. The pygal has
a ventral curve, making it more dorsoventrally oriented then most of the surrounding peripherals
except for the medial portion of peripherals 11.
The peripherals are all present in either ETMNH-8549 or the other referred specimens.
There are a total of 22 peripherals (11 on each side). Many of the anterior and posterior
peripherals exhibit significant notching. The peripherals described here will be considered from
the left side of the specimen unless otherwise noted. Medially the peripherals exhibit significant
longitudinal wrinkles above which the pleurals would lie. On some specimens these wrinkles
seem relatively evenly spaced, while on others there spacing is less consistent. These wrinkles so
not follow the outline and are not consistent with the geometry of the pleurals but instead wrap
longitunally around the carapace.
Peripheral 1 is located immediately lateral to the nuchal, also contacts peripheral 2 and
costal 1. It exhibits prominent notching anteriorly. In ETMNH 8549, peripheral 1 has a
maximum length of 28.40 mm (posterior to anterior projection), a minimum length of 24.15 mm
(posterior to notch) and a maximum width of 20.00 mm anteriorly and 9.12 mm posteriorly. The
medial border exhibits a slightly sigmoidal curve, with the anterior portion being concave
medially, while the posterior portion is convex medially. It is constricted along its posterior
border, which is slightly convex, and its lateral border is straight. Dorsally, there are prominent
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depressions in the sulci between the 1st and 2nd marginals and the 1st pleural. The medial anterior
projection is more curved and generally wider than the lateral anterior projection. The bone
under the carapacial scutes, specifically under the marginals, is heavily inflated. The visceral
surface is quite smooth, with a steep dorsal inflection posterior to the termination of the
marginals. The costiform processes seen running laterally on the visceral surface of the nuchal
continue onto the medial portion of the visceral surface of peripheral 1.
Peripheral 2, located lateral to peripheral 1 and in contact with costal 1 and peripheral 3 as
well, is similar to peripheral 1, although the anterior notching is not as prominent. The lateral
borders are both relatively straight, although they angle in to make the posterior border thinner
than the anterior border. The posterior border is still convex. In ETMNH-8549, the maximum
length is 28.62 (posterior to anterior projection, the minimum length is 26.47 mm (posterior to
notch) and the maximum width is 25.48 mm anteriorly and 17.15 mm posteriorly. The medial
anterior projection is becoming smaller than the lateral medial projection. Dorsally, the
depressions seen in peripheral 1 are present on peripheral 2, although they are now from the sulci
of the 2nd and 3rd marginals and the 1st pleural. There is a slight anteriorly-projecting point of the
inflated bone under the 1st pleural. The bone under the carapacial scutes is, again, inflated,
although not to the extent of peripheral 1. The visceral surface of peripheral 2 is similar to that of
peripheral 1.
Peripheral 3 is posterolateral to peripheral 2 and contacts costal 1, peripheral 4 and the
hyoplastron as well. In ETMNH-8549, peripheral 3 has a maximum length (anteroposterior) of
27.08 mm and a maximum width (mediolateral) of 27.90 mm. Please note that the bridge
peripherals (3-7) are rotated in comparison to the remaining peripherals, so that the maximum
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length of the anterior and posterior peripherals (1-2, 8-11) is equivalent to the maximum width of
the bridge peripherals, just as the maximum width of the bridge peripherals is equivalent to the
maximum length of the remaining peripherals. Also note that the maximum width of the bridge
peripherals is measured on the dorsal surface from the medial-most point to the lateral most point
(the ‘lip’). Peripheral 3 is similar to peripherals 1 and 2, but the anterior (now moving laterally)
notching is even less prominent. It not only contacts costal 1 and peripherals 2 and 4 but also
contacts part of the hyoplastron as well. In ETMNH-8549, the maximum length (measured
posteromedially to anterolaterally) is 26.89 mm and the maximum width (measured
posterolaterally to anteromedially) is 27.7 mm on its dorsal surface and 33.92 mm on its visceral
surface. The lateral (now somewhat anteromedial and posterolateral) and posterior (now
somewhat posteromedial) borders are similar to those of peripheral 2, although the element is
becoming wider and the ‘posterior’ border is becoming flatter. There is also a small notch
present ‘anteriorly’, and, while the more medial projection is still less wide than the lateral one, it
also projects further away from the middle of the shell (‘anterolaterally’). Dorsally, the triad
conjunction of sulci is still present, although it is now between the 1st pleural and the 3rd and 4th
marginals. Inflation is less prominent than in peripherals 1 and 2, and the anterior projection is
far more prominent than the posterior one. On the visceral surface, peripheral 3 is becoming far
more robust as it inflates to begin making up part of the bridge. There is a lip that runs
posteroventrally to anterodorsally, with a large depression that make up the anterior portion of
the bridge.
Peripheral 4 is the anterior-most peripheral that is entirely part of the bridge. It contacts
costals 1 and 2 medially, peripheral 3 anteriorly, peripheral 5 posteriorly, and the hyoplastron
medioventrally. Peripheral 4 has maximum anteroposterior length of 29.17 mm and a maximum
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mediolateral width of 28.02 mm in ETMNH-8549. Laterally, it has a slight lip where the
projections that made up the notching on the anterior peripherals would be found. Laterodorsally,
there are depressions in conjunction with the carapacial sulci as seen in the other peripherals. It is
covered, however, by the 1st and 2nd pleurals and the 4th and 5th marginals, meaning it has another
depression running mediolaterally on the posteromedial portion of its dorsal surface. The sulci
point somewhat ventrolaterally at their junction. Peripheral 4 is similar to other turtle bridge
elements in that the entire element creates a lateral peak (like a house roof tipped on its side).
Peripheral 5 is the anteromedial bridge element of the carapace. It contacts costal 2 and 3,
peripherals 4 and 5, the hyoplastron, and the hypoplastron. In ETMNH-8549, peripheral 5 has a
maximum length (anteroposterior) of 28.30 mm and a maximum width (mediolateral) of 30.12
mm. Its borders and general outer (dorsal and ventral) morphology are similar to that of
peripheral 4. It does, however, form an angled contact with the hyoplastron and the hypoplastron,
creating a medial point on its ventral surface. The visceral surface is quite smooth with a
somewhat sharply angles median depression. The entire element is, again, laterally peaked.
Peripheral 6 is the posteromedial bridge element of the carapace. It contacts costals 3 and
4, peripherals 5 and 7, and the hypoplastron. In ETMNH-8549, peripheral 6 has a maximum
length (anteroposterior) of 29.67 mm and a maximum width (mediolateral) of 32.34 mm. The
borders (all generally straight) and general morphology of peripheral 6 are very similar to that of
peripheral 5. Its lateral lip, however, is more prominent then that of peripheral 5. The notching
begins again posteriorly, with the posterior projection being more prominent than the anterior
one. Peripheral 6 marks the transition from the anterior projection being more prominent (in
peripheral 5) to the posterior projection being more prominent. Dorsally, the bones under the
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marginals are more inflated than those under the pleural. The visceral surface of peripheral 6 is
similar to that of peripheral 5. The element is, as in peripheral 5, laterally peaked.
Peripheral 7 is the posterior-most carapacial element of the bridge. It contacts costals 4
and 5, peripherals 6 and 8, and the hypoplastron. In ETMNH-8549, peripheral 7 has a maximum
length (anteroposterior) of 32.00 mm and a maximum width (mediolateral) of 33.38 mm. It is
very similar in general morphology to peripheral 4, although everything is shifted and flipped
toward the posterior-portion of the shell. The notching is, again, becoming more prominent. The
posterior projection is far more prominent than the anterior one, and this is where the
characteristic deep posterior notches of the carapace begin anteriorly. Dorsally, its surface is
nearly the same as peripheral 5, except for its more laterally projecting posterior projection. It
also, however, has the sulcus between the 2nd and 3rd pleurals anteriorly, this sulcus can
sometimes lie almost directly dorsally to the suture between peripherals 6 and 7. Peripheral 7
projects somewhat ventromedially on its ventral surface, specifically anterior, to help make up a
portion of the bridge. Its visceral surface is smooth, but it also possesses similar lip and
depression to that of peripheral 3, although it is its posterior opposite. The bridge is composed of
peripherals 4-7 and the hyoplastron and hypoplastron.
Peripheral 8 is the anterior-most prominently notched peripheral on the posterior-half of
the shell. It contacts costals 5 and 6, peripherals 7 and 9, and the hypoplastron. Peripheral 8 in
ETMNH-8549 has a maximum length (anteromedial to posterolateral projection) of 39.32 mm, a
minimum length (anteromedial to posterolateral notch) of 30.3 mm and a maximum width
(anterolateral to posteromedial) of 25.46 mm. The deep posterior notching becomes more
pronounced on peripheral 8. The posterolateral surface of the posterior notch is slightly
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concavely-curved. The medial border of the dorsal portion is convexly-curved. The sulcus
between the 8th and 9th marginals lies laterally to the notch, as is the case with all the notches of
the peripherals. The depression of the sulci between the 3rd pleural and the marginals is, again,
concave laterally and comes to a slight lateral projecting point where all three sulci meet. The
lateral and/or posterior projections of the peripheral tend to sweep posteriorly, as does the angle
of the notch between them. Dorsally, the bone under the scutes is inflated again, specifically
under the posterior portion of the anterior marginal, in this case the 8th marginal. Viscerally there
is a slight depression (or lip) at the medial termination of the marginals. There is also a steep
dorsal inflection at this lip, and the thickest, or most robust, area of the peripheral is where this
inflection and lip occur. Anteriorly, on the visceral surface, the peripheral becomes more robust
as well and becomes slightly inflated to help with a posterior portion of the bridge.
Peripheral 9 is a continuation of peripheral 8 and contacts costals 6 and 7 and peripherals
8 and 10. In ETMNH-8549 it has a maximum length (anteromedial to posterolateral projection)
of 37.6 mm, a minimum length (anteromedial to posterolateral notch) of 28.8 mm and a
maximum width (anterolateral to posteromedial) of 21.4 mm. While it is thinner and a bit longer
than peripheral 8, it is very similar to the anterior peripheral in most aspects. It does, however,
have a few key differences. Along the medial border on the dorsal portion is a medial projection
between costals 6 and 7. The element is slightly scooped up dorsally. The visceral surface is
relatively uniform with the same lip, medial termination, and robust nature as present in
peripheral 8 (discussed above).
Peripheral 10 is a further continuation of the posterior carapace notching found in
peripherals 8 and 9. It contacts costals 7 and 8 and peripherals 9 and 11. Peripheral 10 has a
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maximum length (anterior to posterior projection) of 33.64 mm, a minimum length (anterior to
posterior notch) of 23.79 mm and a maximum width (medial to lateral) of 21.18 mm in ETMNH8549. As stated above, the deep and prominent posterior carapacial notching is still present. The
same features present in peripheral 9 are still present in peripheral 10. One key difference is the
presence medially on the dorsal portion of the peripheral of the sulcus between the 4th and 5th
pleurals. The sulcus sweeps medially, and the sulcus between the 4th pleural and the marginals is
well rounded (convex posteriorly). The conjunction between the sulci is found posteromedially
on the dorsal portion of peripheral 10. The visceral surface is similar to that present in the two
immediately preceding anterior peripherals, although the entire peripheral is slightly convexlycurved posterolaterally, which is especially apparent at the ‘lip’ or medial termination on the
visceral surface.
Peripheral 11 is the posterior-most peripheral and contacts costal 8, peripheral 10, the
suprapygal, and the pygal. It is a continuation of the deep posterior notching of the carapace,
which is continued in the pygal as well. In ETMNH-8549, peripheral 11 has a maximum length
(anterior to posterior projection) of 32.6 mm, a minimum length (anterior to posterior notch) of
24.4 mm, and a maximum width (medial to lateral) of 20.47 mm. As was the case for the other
posterior peripherals, the posterior portion of the bone under the anterior marginal (in this case
the 11th marginal) is more inflated than the posterior one. Medially (or anteromedially in this
case) it still comes to a point or slight projection. Posteromedially, its surface has a concave
curve where it contacts the suprapygal. While its ‘anterior’ projection is relatively straight, its
posterior projection is more strongly curved (posteroventrally). Its dorsal surface is less ‘scooped
out’ then peripherals 8-10. Similar depressions from the sulci are present on peripheral 10 as on
the preceding anterior peripherals, although the depression shoots anterolaterally towards the
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anterior edge of the dorsal surface. It is also similar on its visceral surface to the preceding
anterior peripherals, although the posterolateral curve is not as prominent as in peripheral 10.
The costals are similar to those of other aquatic turtles, and specifically those of other
deirochelyines. There are a total of 16 costals (8 pairs on each side). The costals described here
will be considered from the left side unless otherwise noted. The costals as a complete set make
up a large portion of the carapace. Medially, they all exhibit a smooth surface on which the
vertebral scutes would lie. Under the pleural scutes, however, there is significant surface texture.
The majority of this texture is present as longitudinal wrinkles around the carapace which are
situated latitudinally on each individual costal.
Costal 1 is a very distinct element that contacts the nuchal, neurals 1 and 2, costal 2, and
peripherals 1-4. This many contacts mean that the outer borders of the costal have a very distinct
shape and they tend to form a sub-half circle. In ETMNH-8549, costal 1 has a maximum
anteroposterior length (=‘radius’) of 37.58 mm and a maximum mediolateral width (=‘diameter’)
of 61.66 mm. Its medial border is slightly concave where it contacts neural 1 and angled where it
barely contacts neural 2. It has a generally convex anterior curve to its anterior and lateral edges
where it contacts the nuchal and peripherals 1-3. Posterolaterally, it barely contacts peripheral 4
at an angle. Its posterior edge is slightly curved convexly where it contacts costal 2. There is a
depression present medially on the dorsal surface where the sulci of the 1st and 2nd vertebrals and
the 1st pleural lie. The wrinkles on the dorsal surface are also slightly convexly curved as they
wrap around the anterolateral edges of the carapace. On the visceral surface, costal 1 is quite
smooth, although costal rib 1 can be seen. Medially the rib can be seen pointing ventrally where
it would connect with the thoracic vertebra. Along the entire length of the costal rib, however,
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there is a ridge running on the ventral surface of costal 1. This ridge is faint medially but
becomes more pronounced laterally until it reaches the axillary buttress of the bridge and
peripherals 3 and 4. While peripheral 3 is slightly deflected ventrally with the costal rib, the
majority is connected to peripheral 4. The ridge and, therefore, costal rib are both concavelycurved anteriorly. There is a strong ‘tear-drop’ shape depression posterior and lateral to the ridge,
which works in conjunction with the rest of the depression found on peripherals 3 and 4 to form
part of the bridge.
Costal 2 is similar to the posterior costals in form and general morphology. It contacts
neurals 2 and 3, costals 1 and 3, and peripherals 4 and 5. It has the sub-rectangular shape that is
common of the middle to posterior costals. In ETMNH-8549, costal 2 has a maximum
(mediolateral) length of 71.65 mm, a medial width of 22.90 mm and a lateral width of 27.83 mm.
This means that the lateral edge is wider than the anterior edge, similar to the more posterior
costals. The entire costal is convexly-curved towards the posterior of the carapace, which is
translated on the anterior and posterior edges of the costal. The medial border is relatively
straight except for the posteromedial edge which is curved where it barely contacts neural 3. On
the dorsal surface there are depressions present at the sulci for the 2nd vertebral and the 1st and 2nd
pleurals. The sulcus between the first and second pleurals runs mediolaterally and, essentially,
parallels the anterior and posterior borders. On the lateral border, the costal has a slight concave
curvature where the pleurals’ sulcus crosses it, and a slight convex curvature and lateral
projection where the costal meets the suture between peripherals 4 and 5. On the visceral surface
there is a slight longitudinal ridge running the length of it, which signifies costal rib 2, and a
ventromedial projection where the rib would contact the neural arch of the vertebra. The ridge is
slightly more visible and prominent laterally on the costal.
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Costal 3 is similar in morphology to the other surrounding costals. It contacts neurals 3
and 4, costals 2 and 4, and peripherals 5 and 6 and has a sub-rectangular shape with a wider
lateral edge. In ETMNH-8549, costal 3 has a maximum (mediolateral) length of 74.56 mm, a
medial width of 27.00 mm and a lateral width of 30.50 mm. The costal is slightly convexly
curved on both its anterior and posterior borders, making it appear somewhat pinched. The
medial border of costal 3 is very similar to that of costals 1 and 2, with it being nearly straight
except for the angled posteromedial border with a neural (neural 4 in this case). The lateral
border is straight to slightly convexly-curved. On the dorsal surface, there is no longer a sulcus
separating two pleurals laterally but now a sulcus separating two vertebrals medially. The sulci
form a slight ‘arrow’ that points medially. The wrinkles are still present on costal 3. The visceral
surface is similar to that of costal 2, with a faint ridge for the costal rib and a small ventromedial
projection for articulation with the vertebra. Costal 3 is in the middle of the shell, with the
anterior costal (costal 2) being curved convexly anterior, while the posterior costals (costals 4-8)
being curved convexly posterior.
Costal 4 is similar to very similar to costal 2, although it is curved convexly posterior
rather than anterior. It contacts neurals 4 and 5, costals 3 and 5, and peripherals 6 and 7. In
ETMNH-8549, costal 4 has a maximum (mediolateral) length of 74.97 mm, a medial width of
22.37 mm and a lateral width of 23.98 mm. The medial border, similar to the other costals, is
straight except for the posteromedial edge, which is angled where it articulates with neural 5.
The lateral border is has a slight convex curve where it contacts the peripherals, although this can
be two angled surfaces, depending on how the costal and peripherals articulate. Similar to costal
2, there are depressions for the carapacial scutes and one (at the contact of pleurals 2 and 3) runs
roughly parallel to the anterior and posterior borders. The sulcus in costal 4, unlike that in costal
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2, does not stay roughly evenly between the anterior and posterior borders but trends posteriorly
towards the lateral edge and nearly contacts the articulation points between costals 4 and 5 and
peripherals 6 and 7. In dorsal view the medial portion is still smooth under the vertebrals and the
lateral portion under the pleurals is still quite wrinkled. Ventrally, the surface of costal 4 is
essentially the same as costals 2 and 3.
Costal 5 has similarities to the preceding anterior costals. It contacts neurals 5 and 6,
costals 4 and 6, and peripherals 7 and 8. In ETMNH-8549, costal 5 has a maximum
(mediolateral) length of 68.95 mm, a medial width of 21.08 mm, and a lateral width of 32.27
mm. The medial border is the same as the preceding ones, with a straight anteromedial edge and
an angled posteromedial edge where it contacts neural 6. The anterior and posterior borders are
both convexly-curved posteriorly, similar to that in costal 4. The lateral border is far wider than
the medial border and comes to a lateral point, or slight mediolateral projection, where the costal
meets the suture between peripherals 7 and 8. On its dorsal surface, costal 5 is similar to costal 3
with a sulcus between two vertebrals (3 and 4 in this case) rather than between two pleurals. On
the visceral surface of costal 5, the ventromedial projection for articulation with the vertebra is
present, although the ridge for costal rib 5 is more prominent. The ridge expands ventrally
toward the lateral edge. The ridge continues onto peripheral 7 and the anterior part of peripheral
8, along with the hypoplastron to make up part of the inguinal buttress of the bridge. There is a
slight depression anterior to the visceral ridge, which contacts the depression found in peripheral
7 and helps form part of the bridge.
Costal 6 is similar to the posterior costals, specifically costal 4. It contacts neurals 6 and 7,
costals 5 and 7, and peripherals 8 and 9. In ETMNH-8549, costal 6 has a maximum
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(mediolateral) length of 54.50 mm, a medial width of 16.07 mm, and a lateral width of 17.25
mm. Its medial and lateral edges are almost equal length and its anterior and posterior borders
are convexly-curved posteriorly, similar to a scaled-down version of costal 4. Its medial and
lateral edges are also like that of costals 2-5, although the lateral projecting point is far less
apparent. Similar to costal 4, it has the sulcus between two pleurals (3 and 4 in this case) running
laterally on its dorsal surface. The dorsal surface texture of costal 6 is still smooth medially and
wrinkled laterally. On the visceral surface, there is still a slight ridge marking the costal rib and a
ventromedial projection marking the costal rib’s articulation with the vertebra.
Costal 7 is generally similar to costal 6, although it is smaller and less uniform to the
geometric shape of the other costals. It contacts neurals 7 and 8, costals 6 and 8, and peripherals
9 and 10. In ETMNH-8549, costal 7 has a maximum (mediolateral) length of 44.26 mm, a
medial width of 11.15 mm and a lateral width of 19.95 mm. This means that, similar to costals 3
and 5, costal 7 is wider laterally than medially. Its medial edge is the same as the preceding
anterior costals with straight and angled portions, and both its anterior and posterior borders are
convexly-curved posteriorly. The curve is sharper on the posterior edge, which allows the lateral
border to be wider than the medial one. The dorsal surface still has the same medially smooth
and laterally wrinkled texture mentioned for the other costals. The wrinkles are less longitudinal
though and often make a kind of semi-circle that convexly curves toward the posteromedial
portion of the carapace. The visceral surface still has the weak ridge for the costal rib, but now
the ventromedial projection for articulation between the rib and vertebra is quite faint and
gracile.
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Costal 8 is a small, sub-rectangular element that contacts neurals 8 and 9, costal 7, the
suprapygal, and peripherals 10 and 11. In ETMNH-8549, costal 8 has a maximum (mediolateral)
length of 35.64 mm, a medial width of 19.47 mm, and a lateral width of 17.92 mm. The anteroand posteromedial borders angle to contact each other at a medial point (‘medial-pointing
arrowhead’). The anterior and posterior edges are both convexly-curved posteriorly, which
means that the anterior border is a bit longer than the posterior one. The lateral edge has a slight
lateral point similar to, but opposite, that of the medial border. There is a depression from the
sulcus of the 5th vertebral and the 4th pleural that runs from the medial portion of the anterior
border, concavely-curves laterally, and continues to the lateral edge. The bone under the pleural
is dorsally raised above that under the vertebral. The dorsal surface under the pleural on costal 8
is also covered in wrinkles that continue from costal 7, while the surface is relatively smooth
under the vertebral. On the visceral surface, the low ridge for the costal rib is present, but the
ventromedial projections for articulation between the ribs and the vertebra are now very
pronounced and take up most of the medial portion of costal 8 on this surface.

Sulci of the Carapace
(FIGURES 2, 4)
The surface of the turtle’s carapace is covered with a number of scales (or scutes) of
which the sulci left behind can give an indication of their morphology and appearance. The GFS
taxon is interpreted as having a cervical scute, 5 vertebral scutes, 8 pleural scutes (4 pairs), and
24 marginal scutes (12 pairs).
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The cervical scute (=scale) is the smallest on the carapace. It is found anteromedially and
contacts the 1st marginals and the 1st vertebral and lies completely on the anteromedial portion of
the nuchal. On ETMNH-8549, the cervical has a maximum length of 19.21 mm and a maximum
width of 7.20 mm, which is found at its posterior end. The cervical is sub-triangular in shape,
coming to a point anteriorly when the entire anteromedial part of the nuchal is present. The bone
under the cervical is highly inflated and reaches higher dorsally than even the anterior
projections of the nuchal that lie laterally to it.
The vertebrals lie medially on the dorsal surface of the carapace. There are a total of five,
although the anterior (1st) and posterior (5th) are quite different from the others morphologically.
The bone under the vertebrals has a smooth surface texture, different from that laterally under the
pleurals. The vertebrals would have made the median dorsal keel more apparent, especially on
the far anterior portion of the carapace and the posterior of the carapace. Although there are
depressions present under the vertebrals lateral to the median keel, these may not have been
apparent in the vertebrals. The vertebral sulci all have a slight sigmoidal curve anterior and
posterior to where they meet the sulci between each set of pleurals.
The 1st vertebral contacts the cervical, both 1st marginals and both 1st pleurals. It lies on
the nuchal, neural 1, and both costals 1. In ETMNH-8549, the 1st vertebral has a maximum
length of 38.5 mm, an anterior width of 16.31 mm, and a posterior (=maximum) width of 41.2
mm. The 1st vertebral is somewhat ‘hourglass’- or ‘soda bottle’-shaped. It has a generalized
sigmoidal curve on its lateral borders and is fair thinner anteriorly. Its anterior and posterior
borders are both convexly curved, making it look slightly round. The bone under the 1st
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vertebral, specifically that of the nuchal, is inflated and infers that a small median keel was
present anteriorly on the carapace.
The 2nd vertebral contacts the 1st and 3rd vertebrals and the 1st and 2nd pleurals. It lies on
neurals 1-3 and costals 1-3 (both pairs). In ETMNH-8549, the 2nd vertebral has a maximum
length of 47.19 mm and a maximum width of 55.54 mm. The maximum width is taken from the
two lateral projections of the lateral edges of the vertebral, which are present as the sulcus curves
laterally to meet the sulcus between the 1st and 2nd pleurals. The anterior and posterior sulci are
concave, giving the vertebral a slightly ‘pinched in’ appearance, although the anterior border is
curved further than the posterior border.
The 3rd vertebral contacts the 2nd and 4th vertebrals and the 2nd and 3rd pleurals. It lies on
neurals 3-5 and costals 3-5 (both pairs). In ETMNH-8549, the 3rd vertebral has a maximum
length of 51.16 mm and a maximum width of 59.05 mm. The maximum width was again taken
from the two lateral projections of the vertebral. The anterior border of the 3rd vertebral,
however, is convex while the posterior sulcus is concave. The posterior edge is the more strongly
curved sulcus compared to the 2nd vertebral.
The 4th vertebral contacts the 3rd and 5th vertebrals and the 3rd and 4th pleurals. It lies on
neurals 5-8 and costals 5-8 (both pairs). In ETMNH-8549, the 4th vertebral has a maximum
length of 44.62 mm and a maximum width of 53.50 mm. The maximum width was taken in the
say way as the 2nd and 3rd vertebrals. The anterior sulcus is convex, similar to the 3rd vertebral
and the posterior sulcus is concave. The posterior edge is, again, the more strongly curved and
deeply depressed sulcus.
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The 5th vertebral contacts the 4th vertebral, the 4th pleurals, and the 11th and 12th marginals.
It lies on neural 8, both suprapygals (1 and 2), the pygal, and peripherals 10 and 11 (both pairs).
In ETMNH-8549, the 5th vertebral has a maximum length of 46.18 mm and a maximum width of
51.06 mm. The vertebral is more sub-circular to sub-hexagonal in shape. Its anterior sulcus is
convexly-curved where it contacts the 4th vertebral. The depression that is present at the sulcus
between the 4th and 5th vertebrals is commonly quite prominent (more prominent then those
between the other vertebrals), and the bone under vertebral 4 is normally greatly raised dorsally
over the bone under vertebral 5. The posterior sulcus has a slight posterior projection where it
meets the sulcus between the paired 12th marginals. The other sulcus borders of the 5th vertebral
are generally angled but still straight. The wrinkles found under the pleurals are not found under
the 5th vertebral.
The pleurals lie lateral to the medial vertebrals on the dorsal surface of the carapace. There
are a total of eight, with four pairs on both the right and left sides of the shell. The bone under
the pleurals is strongly wrinkled longitudinally, which is far different from the vertebrals that lie
medial to them. The wrinkles become irregular posteriorly under each corresponding pleural,
especially more dorsomedially. The pleural sulci all have a slight sigmoidal curve anterior and
posterior to where they meet the sulci between each set of vertebrals. All measurements are from
the left pleurals unless otherwise stated.
The 1st pleurals contact the 1st and 2nd vertebrals, the 2nd pleurals, and the 1st-5th marginals.
They lie on the nuchal, costals 1 and 2, and peripherals 1-4. In ETMNH-8549, the 1st pleural has
a maximum length of 59.35 mm (measured on medial portion) and a maximum width of 64.31
mm (measured on posterior portion). The pleural is sub-triangular in shape with a rounded
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anterolateral edge, like a ‘slice of pizza’. There is an outwardly projecting point whenever a
carapacial scute sulcus comes in contact with the sulcus around the 1st pleural, This means there
is a point medially (between the 1st and 2nd vertebrals), an anteromedial projecting point
(between 1st vertebral and 1st marginal), and four points along the anterolateral edge between the
1st-5th marginals). The sulcus between the 1st pleural and 1st vertebral also has a sigmoidal shape
to it, concurrent with the shape of the 1st vertebral.
The 2nd pleurals contact the 2nd and 3rd vertebrals, the 1st and 3rd pleurals and the 5th-7th
marginals. They lie on costals 2-4 and peripherals 4-7. In ETMNH-8549, the 2nd pleural has a
medial (anteroposterior) length of 47.14 mm, a lateral (anteroposterior) length of 66.48 mm and
a maximum width of 75.10 mm. The 2nd pleural is sub-rectangular in shape with its lateral edge
being longer than its medial edge. The medial sulci curve out convexly between the 2nd and 3rd
vertebrals but curve in concavely when they get closer to the anterior (1st) and posterior (2nd)
pleurals. The anterior and posterior sulci are concave, giving the pleural a slightly ‘pinched in’
appearance. The lateral sulci have two laterally projecting points between the 5th and 6th and 6th
and 7th marginals. A tiny posterolateral-most sliver of the pleural lies on peripheral 7.
The 3rd pleurals contact the 3rd and 4th vertebrals, the 2nd and 4th pleurals, and the 7th-9th
marginals. They lie on costals 4-6 and peripherals 7-9. In ETMNH-8549, the 3rd pleural has a
medial (anteroposterior) length of 41.24 mm, a lateral (anteroposterior) length of 44.68 mm, and
a maximum width of 65.04 mm. The 3rd pleural is also sub-rectangular in shape like the 2nd
pleural. The medial sulci curve out convexly between the 3rd and 4th vertebrals but curve in
concavely when they get closer to the anterior (2nd) and posterior (3rd) pleurals. The anterior
sulcus is slightly convex, while the posterior sulcus is slightly concave, giving the entire 3rd
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pleural a convexly-anterior curve. The lateral sulci have two laterally projecting points between
the 7th and 8th and 8th and 9th marginals. The posterolateral-most point of the sulcus between the
3rd and 4th pleurals lies in close proximity to the contact between peripherals 8 and 9.
The 4th pleurals contact the 4th and 5th vertebrals, the 3rd pleurals, and the 9th-11th
marginals. They lie on costals 6-8 and peripherals 9 and 10. In ETMNH-8549, the 4th pleural has
a medial (anteroposterior) length of 27.14 mm, a lateral (anteroposterior) length of 41.37 mm,
and a maximum width of 49.04 mm. The 4th pleural is sub-rectangular to sub-trapezoidal in
shape, like a smaller version of the 3rd pleural. The medial sulci curve out convexly between the
4th and 5th vertebrals but curve in concavely when they get closer to the anterior (3rd) and along
the lateral sulcus of the 5th vertebral. The anterior sulcus is slightly convex, while the posterior
sulcus is slightly concave, giving the entire 3rd pleural a slight convexly-anterior curve. The
lateral sulci have a laterally projecting point between the 9th and 10th marginals. The
posterolateral-most portion of the sulcus anterior to the 5th vertebral and in contact with the 11th
marginal is convexly-curved.
The marginals lie on the lateral edges on the dorsal surface of the carapace. There are a
total of 24, with 12 pairs on both the right and left sides of the shell. The bone under the
marginals is generally smooth, although it some instances there are concentric rings present (on
the bridge marginals), but these are only semi-circles, and all convexly-curve anterodorsally.
Under many of the marginals, especially anteriorly and posteriorly on the carapace, the bone is
inflated, and this is often quitter pronounced. The posterior marginals commonly have
mediolaterally-running wrinkled ridges as well. The posterolateral portions of many of the
anterior and posterior marginals are angled, which gives distinct notches between these
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marginals. There is often a smaller notch in the middle of the marginal between the two
peripherals that the marginal lies on, but this would probably not apparent in the marginal scute.
All measurements are from the left pleurals unless otherwise stated. The shapes of the marginals
will be considered from the dorsal surface, but one must be aware that the marginal scutes do
wrap onto the visceral surface of the carapace and leave a general depression, or lip, which was
discussed further above with the visceral surface of the carapace sutures and elements.
The 1st marginals contact the cervical scute, the 1st vertebrals, the 1st pleurals, and the 2nd
marginals. They lie on the nuchal and peripheral 1. In ETMNH-8549, the 1st marginal has a
maximum (anteroposterior) length of 26.90 mm and a maximum width (measured along
posterior edge) of 20.32 mm. The 1st marginal is sub-triangular in shape, as are most of the
marginals that exhibit notching anteriorly and posteriorly. The medial and lateral sulci are both
relatively straight where it contacts the cervical scute and the 2nd marginal. The posterior sulcus
is slightly convex and makes it look slightly round where it contacts the 1st vertebral and 1st
pleural. The bone under the 1st marginal is strongly inflated. There is only a very small notch
anteriorly in the bone where the nuchal and peripheral 1 articulate. The bone under the 1st
marginal, as is the case with the other marginals, sweeps toward the back or posterior of the shell
(laterally in the case of the anterior-most marginals).
The 2nd marginals contact the 1st pleurals and the 1st and 3rd marginals. They lie on
peripherals 1 and 2. In ETMNH-8549, the 2nd marginal has a maximum (anteroposterior) length
of 22.70 mm and a maximum width (measured along posterior edge) of 18.81 mm. The notching
between the 1st and 2nd marginals is less prominent, so the contact is stronger than that of the
cervical and 1st marginals and the widest point is now more lateral on the 1nd marginals. They
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are sub-triangular in shape, as, again, are most of the marginals that exhibit notching anteriorly
and posteriorly. The medial and lateral sulci are both relatively straight where it contacts the 1st
and 3rd marginal. The posterior sulcus is slightly convex and makes it look slightly round where
it contacts the 1st pleural. The bone under the 2nd marginal is strongly inflated. There is only a
very small notch anteriorly in the bone where peripherals 1 and 2 articulate. The bone under the
2nd marginal, as is the case with the other marginals, sweeps toward the back or posterior of the
shell (laterally in the case of the anterior-most marginals).
The 3rd marginals contact the 1st pleurals and the 2nd and 4th marginals. They lie on
peripherals 2 and 3. In ETMNH-8549, the 3rd marginal has a maximum (anteroposterior) length
of 18.11 mm and a maximum width (measured along posterior edge) of 24.03 mm. As is readily
apparent from the measurements, the marginals are becoming shorter and more squat moving
posteriorly toward the bridge. The notching anterior to the 3rd marginal is less prominent than the
notches of the anterior marginals but is almost gone posterior to it. The 3rd marginal is becoming
more sub-rectangular in shape, with a slightly rounded anterior edge. The medial and lateral sulci
are both relatively straight where they contact the 2nd and 4th marginals. The posterior sulcus is
slightly convex and makes it look slightly round where it contacts the 1st pleural. The bone under
the 3rd marginal is still strongly inflated. There is only a very small notch anteriorly in the bone
where peripherals 2 and 3 articulate. The bone under the 3rd marginal, as is the case with the
other marginals, sweeps toward the back or posterior of the shell (laterally in the case of the
anterior-most marginals), so that the largest portion of the rounded anterior edge is lateral.
The 4th marginals contact the 1st pleurals and the 3rd and 5th marginals and lie on
peripherals 3 and 4. In ETMNH-8549, the 4th marginal has a maximum (anteroposterior) length
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of 27.88 mm and a maximum width (medial sulcus to lateral lip) of 19.04 mm. A note that the
4th-8th marginals have been rotated (they are laterally part of the bridge) so that the length and
width of these 5 marginals are equivalent to the width and length, respectively, of the remaining
marginals, just as what is anterior and posterior for these 5 bridge marginals are equivalent to the
medial and lateral borders of the remaining marginals, respectively. As is still apparent from the
measurements, the marginals are becoming shorter and more squat along the bridge. The
notching around the 4th marginal is very faint and the lip is only slightly more inflated
posteriorly, still giving the generalized posterior sweeping of the marginals. The 4th marginal is
now completely sub-rectangular in shape. The anterior and posterior sulci are both relatively
straight where it contacts the 3rd and 5th marginals. The medial sulcus is slightly convex and
makes it look slightly round where it contacts the 1st pleural. The bone under the 4th marginal is
only slightly inflated.
The 5th marginals contact the 1st and 2nd pleurals and the 4th and 6th marginals. They lie on
peripherals 4 and 5. In ETMNH-8549, the 5th marginal has a maximum (anteroposterior) length
of 29.26 mm and a maximum width (medial sulcus to lateral lip) of 18.02 mm. The 5th marginal
is still sub-rectangular in shape, with very little inflation of the lip laterally. The notching around
the 5th marginal is also very faint. The anterior and posterior sulci are both relatively straight
where it contacts the 4th and 6th marginals. The medial sulcus is slightly convex and still makes it
look slightly round where it contacts the 1st and 2nd pleurals. The bone under the 5th marginal is
only slightly inflated and there is a slight dorsomedial projecting point where the sulcus of the 5th
marginal contacts the sulcus between the 1st and 2nd pleurals.
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The 6th marginals contact the 2nd pleurals and the 5th and 7th marginals. They lie on
peripherals 5 and 6. In ETMNH-8549, the 6th marginal has a maximum (anteroposterior) length
of 31.95 mm and a maximum width (medial sulcus to lateral lip) of 18.40 mm. The 6th marginal
is still sub-rectangular in shape and has the least amount of inflation of any of the marginals. The
anterior and posterior sulci are both quite straight where it contacts the 5th and 7th marginals. The
medial sulcus is still slightly convex and makes it appear slightly round where it contacts the 2nd
pleural. The bone under the 6th marginal is only slightly inflated.
The 7th marginals contact the 2nd and 3rd pleurals and the 6th and 8th marginals. They lie on
peripherals 6 and 7. In ETMNH-8549, the 7th marginal has a maximum (anteroposterior) length
of 31.68 mm and a maximum width (medial sulcus to lateral lip) of 23.12 mm. The 7th marginal
is still sub-rectangular in shape, with little inflation of the lip laterally, although the inflation is
becoming slightly more pronounced posteriorly. The notching around the 7th marginal is also
very faint but, again, is more prominent posteriorly between the 7th and 8th marginals. The
anterior and posterior sulci are still relatively straight, and the medial sulcus is slightly convex,
and still makes it appear slightly round where it contacts the 2nd and 3rd pleurals. The bone under
the 7th marginal is more strongly inflated than the 6th marginals and there is a slight dorsomedial
projecting point where the sulcus of the 7th marginal contacts the sulcus between the 2nd and 3rd
pleurals. On the 7th-10th marginals (and slightly with the 11th marginal) there is a general
laterodorsal sweep of the marginals, specifically with the posterior (=lateral) projections. This
sweep makes the lateral edges flatter until the medioposterior-most portion of the shell. The 11th
marginals do not display this characteristic as prominently. The 12th marginals (as discussed
below) sweep medioventrally, as over the tail and backside of the animal.
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The 8th marginals contact the 3rd pleurals and the 7th and 9th marginals and lie on
peripherals 7 and 8. In ETMNH-8549, the 8th marginal has a maximum (anteroposterior) length
of 28.23 mm and a maximum width (medial sulcus to lateral projection) of 29.10 mm. The 8th
marginal is sub-triangular to sub-trapezoidal in shape. While there is relatively little dorsal
inflation of the bone under this marginal, the lateral projections (equivalent to the lateral lip of
the 4th-7th marginals), have become far more pronounced and exhibit a more prominent sweep
toward the posterior of the carapace. The notching around the 8th marginal is also becoming
more pronounced, with the notch posterior to the marginal quite prominent. The lateral notch
between the two articulating peripherals is more pronounced than on the anterior marginals. The
anterior and posterior sulci are still relatively straight, and the medial sulcus is slightly convex,
and still makes it appear slightly round where it contacts the 3rd pleural. The bone under the 8th
marginal is inflated, especially apparent posteriorly.
The 9th marginals contact the 3rd and 4th pleurals and the 8th and 10th marginals. They lie
on peripherals 8 and 9. In ETMNH-8549, the 9th marginal has a maximum (anteroposterior)
length of 28.15 mm and a maximum width (mediolateral) of 22.26 mm. The 9th marginal is still
sub-triangular in shape with relatively little dorsal inflation of the bone under this marginal. The
posterolateral projections continue to become more pronounced and exhibit a more prominent
sweep toward the posterior of the carapace. The notching around the 9th marginal is also
becoming more pronounced, including the lateral notch between peripherals 8 and 9. The
anterolateral and posteromedial sulci are quite straight, and the anteromedial sulcus is slightly
convex, and still makes it appear slightly round where it contacts the 3rd and 4th pleural.
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The 10th marginals contact the 4th pleurals and the 9th and 11th marginals, while lying on
peripherals 9 and 10. In ETMNH-8549, the 10th marginal has a maximum (anteroposterior)
length of 26.15 mm and a maximum width (mediolateral) of 21.60 mm. The 10th marginal is still
sub-triangular in shape with little dorsal inflation of the bone under it. The posterior projections
are more strongly pronounced and exhibit a more prominent sweep toward the posterior of the
carapace. The notching around the 10th marginal is prominent, including the lateral notch
between peripherals 8 and 9. The lateral sulcus is quite straight, while the medial (including the
sulcus with the 11th marginal) is slightly convex. The anterior sulcus where the 10th marginal
contacts the 4th pleural is still slighty convex, making it appear slightly rounded.
The 11th marginals contact the 4th pleurals, 5th vertebrals, and the 10th and 12th marginals,
while lying on peripherals 10 and 11. In ETMNH-8549, the 11th marginal has a maximum
(anteroposterior) length of 30.42 mm and a maximum width (mediolateral) of 21.96 mm. The
11th marginal is still sub-triangular in shape with little dorsal inflation of the bone under it. The
posterior projections are more strongly pronounced but exhibit less of a posterior sweep because
the 11th marginals are already at the posterior edge of the carapace. The notching around the 11th
marginal is prominent, and the bone under the marginal exhibits a less prominent dorsal sweep
posteriorly. The lateral sulcus is quite straight, while the medial border (including the sulcus with
the 12th marginal) is slightly convex. The anterior sulcus where the 11th marginal contacts the 4th
pleural and 5th vertebral is angled, creating a medially-pointed arrow where the sulci come into
contact.
The 12th marginals contact 5th vertebrals and the 11th marginals while lying on peripherals
11 and the pygal. In ETMNH-8549, the 12th marginal has a maximum (anteroposterior) length of
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24.28 mm and a maximum width (mediolateral) of 19.77 mm. The 12th marginal is still subtriangular in shape with some dorsal inflation of the bone underneath and is the posterior-most
carapacial scute. The posterior projections are strongly pronounced but sweep medioventrally,
unlike all other marginals. The notching around the 12th marginal is prominent. The lateral sulcus
is angled outward a bit, while the medial sulcus is quite straight (anteroposteriorly). The anterior
sulcus is fairly straight, except for the anteromedial most portion, which is commonly curved
where the pair of 12th marginals come into contact.

Skull
(FIGURES 13-24, 89-92)
Several specimens have skull material, although the vast majority of this is lower jaws or
lower jaw fragments. Only two specimens have any cranial material other than jaw material,
present (ETMNH-3562 and ETMNH-7690). ETMNH-3562 will be discussed in detail with
regards to individual skull elements because it is the more nearly complete of the two (Figs. 1324). ETMNH-7690 (Fig. 89) will then be compared with ETMNH-3562 in parallel elements and
discussed further in any elements it possesses that the latter does not. ETMNH-3562 has some
matrix adhering to the specimen and the skull is in two separate sections. This is because the
specimen is quite fragile and further preparation work would have only caused additionally
damage. A large number of bone fragments or shards of bone are present on the skulls that,
undoubtedly, represent portions of broken or unseen cranial elements. Little can be said of these
fragments other than that they are thin and relatively gracile. Based on reconstruction of the
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incomplete skull of ETMNH-3562, an anteroposterior length of at least 58.47 mm is calculated.
The cranial elements that were identified with visible features are noted below as being from
ETMNH-3562 or from ETMNH-7690. The incomplete skull with ETMNH-3562 has at least
parts of the premaxillae, maxillae, right jugal, quadratojugals, quadrates, squamosals, left
prootic, left opisthotic, left exoccipital, prefrontals, frontals, post-orbitals, parietals,
supraoccipital, ?pterygoids, basispenoid, basioccipital, and hyoid bones. The skull fragment that
is part of ETMNH-7690 represents a portion of the posterior of the skull and has parts of the
quadrates, prootics, left opisthotic, left squamosal, pterygoids, basisphenoid, ?basioccipital, and
?exoccipitals. The ventral surface is covered by a thick, hard layer of matrix and the dorsal
surface has been sheared to mid-way through the braincase. ETMNH-12457 contains a nearly
complete left maxilla (Fig. 90).
ETMNH-3562 has a complete set of lower jaws preserved (Figs. 13, 15-19).
Unfortunately, the lower jaws are in place under the skull and upper jaws, so little can be said of
their dorsal morphology. Several other specimens, including ETMNH 4686, ETMNH-11642,
ETMNH-11643, ETMNH-12265, ETMNH-12457 (Fig. 91), ETMNH-12577, ETMNH-12753
(Fig. 92), and ETMNH-12832, have at least partial to nearly complete sets of lower jaws
preserved.
Premaxilla. The premaxillae are essentially complete, with a height of 4.25 mm and a
width of 2.55 mm each where they form the ventral surface of the aperture narium externa. There
appears to be a slight dorsal indentation to the premaxillae, similar to modern Trachemys,
although not as pronounced. The elements are both mediolaterally wider at their dorsal edges
(compared to their ventral edges). There is a definite ridge running medially on the dorsal surface
95

of the premaxillae at their sutural contact. This ridge is lower than in modern Trachemys,
resulting in less prominent depressions lateral to this ridge in the apertura narium externa.
Maxilla. Both maxillae are nearly complete, with a maximum anteroposterior length of
15.94 mm from the premaxilla to the dorsal curve at the posterior of the maxilla. The surface
texture of the bone reveals that a keratinized sheath would have been present, as is found in
modern Trachemys and other living turtles. Anteriorly, the maxilla would have been fairly
gracile, specifically where it would reach dorsally to contact the prefrontals. Due to the dorsal
curvature of the maxilla, it can be interpreted that the orbits would have been fairly large in
ETMNH-3562, including relatively larger than modern Trachemys specimens. Viscerally, the
maxilla has a distinct depression, probably dealing with nasal functions. An important thing to
note is the dorsal convex curve to the posterior portion of the maxilla. It is far more gradual and
less pronounced than in modern Trachemys, where it comes to a distinct point rather than a
curve. The nearly complete left maxilla present in ETMNH-12457 (Fig. 90) agrees in
morphology with that in ETMNH-3562.
Jugal. The jugal is present in ETMNH-3562, albeit incomplete. It contacts the maxilla and
fossa orbitalis anteriorly, the postorbital dorsally and the quadratojugal posteriorly. Its contacts
with the maxilla and quadratojugal are more readily apparent since it is broken dorsally and the
sutural contact with the postorbital is missing. The jugal does, however, exhibit a distinct ventral
projection in the fossa condylaris. This ventral projection is not seen in modern Trachemys.
Quadratojugal. The quadratojugal is very imcomplete, but a bit of information may still
be gathered from it. The element would have been sub-triangular, while contacting the jugal
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Figure 13. ETMNH-3562, nearly complete skull. Anterior view of ventral skull fragment. Scale
bar equals 5 cm.
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Figure 14. ETMNH-3562, nearly complete skull. Right lateral view of dorsal fragment. Scale bar equals 5 cm.
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Figure 15. ETMNH-3562, nearly complete skull. Right lateral view of ventral skull fragment. Scale bar equals 5 cm.
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Figure 16. ETMNH-3562, nearly complete skull. Reconstruction of right lateral view of skull. Abbreviations: ang, angular; art,
articular; cs, crista supraoccipitalis; den, dentary; fr, frontal; ju, jugal, mx, maxilla; pa, parietal; pf, prefrontal; pm, premaxilla; po,
postorbital; qj, quadratojugal; qu, quadrate; so, upraoccipital; sq, squamosal; sur, surangular. Area shaded grey is not preserved and
has been reconstructed in this Figure. Scale bar equals 5 cm.
100

Figure 17. ETMNH-3562, nearly complete skull. Left lateral view of ventral skull fragment. Scale bar equals 5 cm.
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Figure 18. ETMNH-3562, nearly complete skull. Ventral view of ventral skull fragment. Scale
bar equals 5 cm.
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Figure 19. ETMNH-3562, nearly complete skull. Reconstruction of the ventral view of the skull.
Abbreviations: ?ang, ?angular; ?art, ?articular; bs, basispehnoid; den, dentary; ju, jugal, mx,
maxilla; pal, palatine; pm, premaxilla; pt, pterygoid; qj, quadratojugal; qu, quadrate; vo, vomer.
Area shaded lightly grey represents the lower jaw that is still connected to the rest of the skull.
Area shaded darker grey is not preserved and has been reconstructed in this Figure. Dotted lines
represent sutures that were not clear on the specimen. Skull has been reconstructed in the slightly
deformed state that the specimen is in. Scale bar equals 5 cm.
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Figure 20. ETMNH-3562, nearly complete skull. Posterior view of ventral skull fragment. Scale
bar equals 5 cm.
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Figure 21. ETMNH-3562, nearly complete skull. Dorsal view of ventral skull fragment. Scale
bar equals 5 cm.
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Figure 22. ETMNH-3562, nearly complete skull. Dorsal view of dorsal skull fragment. Scale bar
equals 5 cm.
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Figure 23. ETMNH-3562, nearly complete skull. Reconstruction of the dorsal view of the skull
roof. Abbreviations: cs, crista supraoccipitalis; den, dentary; ?ex, ?exoccipital; fr, frontal; ?ju,
?jugal, mx, maxilla; ?op, ?opisthotic; pa, parietal; pf, prefrontal; pm, premaxilla; po,
postorbital; ?pr, prootic; ?qj, ?quadratojugal; ?qu, ?quadrate; so, supraoccipital; ?sq,
?squamosal. Area shaded grey is not preserved and has been reconstructed in this Figure. Dotted
lines represent sutures that were not clear on the specimen. Skull has been reconstructed in the
slightly deformed state that the specimen is in. Scale bar equals 5 cm.
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Figure 24. ETMNH-3562, nearly complete skull. Ventral view of dorsal skull fragment. Scale
bar equals 5 cm.
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anteriorly and the quadrate posteriorly. A small ventral projection of the element wraps around
the quadrate and helps make up a portion of its ventral border anterior to the condylaris
mandibularis.
Quadrate. The quadrates are heavily damaged in ETMNH-3562. A small, ventral portion
of the cavum tympani is present on the left quadrate. The right quadrate is more deformed and
almost no information can be taken from it. The condylaris mandibularis is complete, however.
Ventrally, the condylaris mandibularis is sub-oval with a concave curve where it would contact
the area articularis mandibularis of the lower jaw. Posteriorly, the condylaris mandibularis has
three perpendicular sides that contact each other, with a ‘v-shaped’ concave notch on the ventral
side, giving a ‘flattened pacman’ morphology to it. Modern Trachemys, on the other can, has a
concave curve to its medial edge in this posterior view. Dorsally, the quadrate is partially
preserved and forms part of the foramen stapedio temporale with the prootic. The dorsal surface
of the quadrate is better preserved in ETMNH-7690 (Fig. 89). The medial notch present on the
quadrate in the fossa temporalis inferior is slightly more pronounced than that of modern
Trachemys. The canal running ventral to this notch is quite prominent, and more so than in
modern Trachemys as well. The posterior half of the condylaris mandibularis is preserved,
although nothing sets it apart from the same structure found on ETMNH-3562.
Squamosal. The incomplete squamosals are present, but have been badly crushed and
deformed. All that can be positively said is that they projected posterior to the quadrate and do
not disagree in morphology to any modern Trachemys skulls from the evidence present. A small,
dorsal portion of the left squamosal is preserved in ETMNH-7690 (Fig. 89). It should be noted

109

that the dorsal ridge of the squamosal sits very low (ventrally), and appears to be far lower than
the squamosal of modern Trachemys specimens.
Prootic. The prootic is a small element that appears to be incomplete in ETMNH-3562. It
lies medial to the quadrate, anterior to the opisthotic, and lateral to the parietal. It makes up part
of the foramen stapedio temporale with the quadrate. This foramen is larger in ETMNH-3562
than in modern Trachemys specimens. The prootics are preserved in ETMNH-7690 as well and
are far more complete in the latter specimen (Fig. 89). Little else can be said about these subtriangular elements, and they do make up part of the foramen stapedio temporale with the
quadrate in ETMNH-7690 as well. Their anterior edge is well rounded, and they there is a strong
sutural surface present for contact with the pterygoid and/or basisphenoid.
Opishthotic. The opisthotic lies medial to the squamosal, posterior to the prootic, and
lateral to the parietal. It is very incomplete in ETMNH-3562, although the smoother posterior
edge it has with the posterior edge of the skull is present. A disarticulated right opisthotic is
present with the specimen. The recessus labyrinthicus is pronounced and easily visible on the
element, along with the smaller canalis semicircularis horizontalis. A small fragment of the
exoccipital is present on the bone fragment as well. The left opisthotic is also preserved in
ETMNH-7690 (Fig. 89). It makes up a medioposterior portion of the posterior ‘skull shelf’ and
the dorsal surface has a gentle concave curve to it.
Exoccipital. A small fragment of the left exoccipital is present on the bone fragment of
the right opisthotic discussed above. A tiny fragment of what is thought to be the left exoccipital
of ETMNH-7690 is preserved as well, although nothing distinct from other Trachemys can be
noted.
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Prefrontal. The prefrontals are nearly complete but actually make up a majority of the
dorsal portion of the fossa orbitalis. They are broken anteriorly, but posteriorly they contact the
frontals. Ventrally, the prefrontals form a ridge making up the dorsomedial portion of the fossa
orbitalis, although the constriction between these two ridges is less pronounced than that in
similarly-sized modern Trachemys. This leads to a thinner (mediolaterally) prefrontal and a
thinner nose and anterior of the skull. The element extends to where the prefrontal curves
ventrally and makes up a portion of the aperture narium externa, where there is breakage and
deformation to the element.
Frontal. The frontals are relatively large elements and, as is the case with modern
Trachemys, reach the fossa orbitalis anterolaterally. They contact the prefrontals anteriorly, the
postorbitals laterally, and the parietals posteriorly. Anteriorly, the frontals project anteriorly at
their medial contact. Sutural contacts are very hard to find dorsally due to fusion. They appear to
project further laterally than would normally be expected for this type of turtle. Unlike the two
posteriorly lying elements, the visceral (=ventral) surface of the frontals is readily visible, with
the pterygoid and other skull elements that would obscure this view absent. Unsurprisingly, the
element is smooth, viscerally, with two ridges running along its lateral edges being parts of the
processus inferior parietalis.
Postorbital. The postorbitals are damaged and very incomplete. They do, however,
contact the parietals posteromedially and the frontals anteromedially. They are relatively thin
laterally, meaning the fossa orbitalis and fossa temporalis inferior would have been closer
together. A small separate skull fragment with ETMNH-3562 may be the lateral portion of the
right postorbital, although it has been deformed so the identification is questionable.
111

Parietal. The parietals are nearly complete, although the posterior-most portion is missing
or under matrix. The parietals have a minimum anteroposterior length of 12.97 mm along the
medial sutural surface. The parietal contacts the frontal anteriorly, the postorbitals
anterolaterally, and the supraoccipital posteriorly. It makes up part of the dorsomedial edge of
the fossa temporalis inferior. It is thinner posteriorly as it contacts the supraoccipital. The sutural
contact between the frontals and the parietals projects further posteriorly at its medial point
where all four sutural surfaces meet. This is similar to that found in modern Trachemys, although
not as prominent. At the lateral edges of the parietal, there is a prominent laterodorsal ridge,
which is also found in larger specimens of modern Trachemys. Visceral (=ventral) portions of
the parietal are preserved as well, although the only major referable portion is the dorsal portion
of the processus inferior parietalis, which is quite robust.
Supraoccipital. The supraoccipital and crista supraoccipitalis are both nearly complete in
ETMNH-3562, although only portions of its dorsal surface and right lateral side are visible due
to matrix adhering to the specimen. It measures a minimum of 18.10 mm along its dorsal surface,
but the anterior-most portion is not visible due to some matrix adhering to the specimen and
breakage. The crista supraoccipitalis is at least 6.09 mm tall dorsoventrally, although the ventral
portion is broken, so it would have been taller when complete. There is a distinct
anteroposteriorly running ridge running midway along the ridge in right lateral view. This ridge
appears far longer and more distinct than similar ridges found in modern Trachemys. It is
unknown if there was a flattened mediolateral surface of the crista supraoccipitalis due to
breakage, but it is unlikely due to its absence in modern Trachemys. Also similar to modern
Trachemys, it appears the supraoccipital crest would have been very thin along its dorsal surface.
The supraoccipital contacts the parietals anteriorly.
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Palatine, Vomer, Pterygoid. The palatines and vomer are not present in any of the
specimens. While they may be partially present in ETMNH-3562, the cranial material is too
fragmentary and deformed to determine this. Several slivers of what may be the pterygoid can be
seen in dorsal view, but other than being relatively thin bones, nothing else can be noted. A good
portion, believed to be roughly the entire posterior half, of the right and left pterygoids is
preserved with ETMNH-7690. Only the visceral (=dorsal) surface can be commented on because
the ventral surface is covered in a hard matrix that is unable to be removed. Anteriorly, the
visceral surface has a sharp concave curve, causing the anterior-most portion to be far higher
(dorsally) than the rest, causing a distinct depression. Within this depression, there are two far
smaller (approximately 1.00 mm diameter) depressions laterally. Towards the posterior of the
depression along the medial suture there is a distinct, small (3.21 mm anteroposterior length)
ridge. This is found directly between the fenestrae ovalis. The left cavum tympani is preserved,
although it appears to be partially crushed.
Basisphenoid. The braincase, including the basioccipital and basisphenoid, is present,
although the basisphenoid is very fragmentary. Part of the braincase may be present in dorsal
view, but, again, little can be said of the features present. Portions of the basisphenoid are
preserved in ETMNH-7690 (Fig. 89). The suture between the pterygoids and the basisphenoid
are hard to distinguish, but it is believed to be around the anteroposteriorly-directed ridge. It still
has a concave depression present viscerally, as this would be part of the braincase.
Basioccipital. The basioccipital is present, although it has undergone some deformation.
The condyles occipitalis is incomplete, and the posterior-most portions are missing. Ventrally,
the element is sub-triangular, similar to the condition seen in modern Trachemys. The ventral113

most portion of the foramen magnum is present, although breakage prevents any further notes to
be taken. A very small part of the basioccipital may be present with ETMNH-7690, although
nothing of morphological value can be added from this specimen.
Hyoid bones. At least one element present in ETMNH-3562 is interpreted as a hyoid
bone. It is a relatively long and thin element, with a gentle curve to it. Its ends are larger than the
shaft, and one end, in particular, is well rounded and sub-oval in shape. It has a minimum length
of 16.22 mm, although one end is incomplete. A second, possible hyoid bone is also present.
This element is broken but has a maximum length of 11.13 mm, and is found somewhat posterior
to the lower jaw where one would expect to find the hyoid bones.
Dentary. Both dentaries are preserved in ETMNH-3562, although their dorsal surfaces are
not visible as they are in contact with the ventral surface of the upper jaws. Ventrally, there is a
gentle curve near the articulation between the left and right dentaries. On the lateral and anterior
surfaces of the dentaries, there are many small depressions and foramina, undoubtedly signifying
the presence of a keratinous beak. Posteriorly on the lateral surface there is a distinct and very
pronounced depression. Ventrally, it projects further posteriorly before it contacts the
prearticular and angular. Medially, there is a distinct longitudinal depression on the majority of
each dentary known as the sulcus cartilaginous meckelii. Towards the posterior edge of the
sulcus cartilaginous meckelii lies the foramen alveolare inferius and foramen intermandibularis
medius, the latter of which sits at the anterior border of the prearticular. The left dentary is
preserved with ETMNH-11643. It is nearly complete, although the anterior-most portion where it
would articulate with the left dentary is missing. The sulcus cartilaginous meckelii is still quite
distinct, although without part of the prearticular covering it, it becomes quite dorsoventrally
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wide posteriorly. The foramen alveolare inferius is also quite visible without the prearticular
present. Laterally, on the anterior rim of the lateral depression lies the foramen nervi
auriculotemporalis which is oriented somewhat posteriorly. Dorsally, there is a longitudinal
depression along the alveolar surface with a gently curved medial ridge that makes up part of the
tomial ridge. The labial ridge, on the other hand, is quite sharp along its length. Midway along
the tomial ridge lies a distinct dorsal projection, immediately followed posteriorly by a slight
depression. This same projection is found in modern Trachemys. The tomial ridge gets closer to
the labial ridge anteriorly. Portions of both the left and right dentaries are preserved in ETMNH11642, along with a small fragment believed to be the anterior-most part of one of the dentaries.
While from a smaller individual and very incomplete, both dentaries agree morphologically with
those of ETMNH-3562 and ETMNH-11643. Both ETMNH-12457 (Fig. 91) and ETMNH-12753
(Fig. 92) agree morphologically with those of ETMNH-3562. No new or differing morphology is
noted.
Coronoid. While present, the coronoids in ETMNH-3562 are both covered by portions of
the jugals and quadratojugals, so little can be noted of their morphology, although they do appear
to make up the dorsal-most portion of the lateral depressions of the lower jaws.
Surangular. Both surangulars in ETMNH-3562 are covered by portions of the skull and
not readily visible.
Angular. The angulars of ETMNH-3562 are not readily visible laterally except for a very
small portion posteriorly. Ventrally, however, the angulars project further anteriorly on the lower
jaw, making just over a third of its length. Medially, the angular projects very far anteriorly,
roughly half its length until it contacts the sulcus cartilaginous meckelii. It is well rounded
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ventrally and makes up a portion of the foramen intermandibularis caudalis medially along with
the prearticular. It is noted that the foramen intermandibularis caudalis are anteroposteriorly
elongate and very pronounced, more so than found in modern Trachemys.
Prearticular. The right and left prearticulars are preserved in ETMNH-3562, although the
majority of these elements are not visible. As noted above, the prearticulars make up part of the
border of the pronounced foramen intermandibularis caudalis with the angulars. They also make
up part of the foramen intermandibularis medius with the posterior edge of the dentaries medially
Articular. ETMNH-3562 has both the left and right articulars preserved, although they
are mostly covered by matrix and the rest of the skull. In ventral and medial views, the articulars
are found to have a concave curvature where they articulate with the quadrates.

Post-crania
(FIGURES 25-27, 93-139)
Post-crania here represents all material that is not from the shell or skull. Post-crania are
present in ETMNH-8549, along with a number of other confidently referred specimens. Based
on the number of specimens present that do possess more complete post-crania, an accurate
description of the non-shell and non-cranial skeleton of this turtle can be derived. Any complete,
or nearly complete post-crania are noted below, with comparisons to each other, although this
means that not all post-crania, or specimens with post-crania were described, dependent on the
completeness of the elements and specimens. Specimens with at least some post-crania include
ETMNH-3558 (Figs. 113, 115, 117-119) ETMNH-3560, ETMNH-3562 (Figs. 112, 114, 116),
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ETMNH-4686, ETMNH-6936, ETMNH-8549 (Figs. 93-98, 100-108, 110, 120, 122, 124, 128137), ETMNH-10390, ETMNH-10391, ETMNH-10547 (Fig. 138), ETMNH-11642 (Fig. 139),
ETMNH-11643 (Fig. 111), ETMNH-12265 (Fig. 126), ETMNH-12456, ETMNH-12457,
ETMNH-12726, ETMNH-12753, ETMNH-12832 (Figs. 99, 109, 121, 123, 125, 127), ETMNH12833, ETMNH-12834, ETMNH-12979, ETMNH-13036, ETMNH 13443, and ETMNH-14049.
The vertebrae are known from several specimens, although almost all specimens that do
contain vertebrae only have fragments present. Cervical vertebrae are known from several
specimens, including ETMNH-8459 (Figs. 93-98), ETMNH-11643, ETMNH-12832 (Fig. 99),
and ETMNH-14049. Those present are cervicals 2 (axis) through 8. Cervical 1 (atlas) is not
present. Most of these bones are nearly complete, but a description can be given for what is
available. Similar to modern Trachemys, there is no definite presence or remnants of enlarged or
pronounced cervical ribs, nor have any been recovered. While the atlas is not known, its
morphology would have probably been very similar, if not identical, to those of modern
Trachemys and emydids in general.
The axis (=cervical 2) is nearly complete and has a maximum length of 12.94 mm
anteroposteriorly through the centrum (Figs. 25A, 93). The anterior surface of the centrum is flat
to faintly convex and sub-triangular in shape. The dorsal surface has a long but anteroposteriorly
long neural spine, although the neural spine is incomplete and is broken posteriorly. On the left
lateral side of the cervical 2, both the articular and lateral processes are complete. The articular
process is sub-rectangular in shape and angled anteroventrally. The lateral process is subtriangular and projects slightly ventrally. These are incomplete on the right side. There are
several pneumatic foramina found on the vertebra, notably on the lateral edges of the neural
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spine towards the anterior portion of the cervical 2, and between the lateral processes and the
hypapophosis. The ventral surface of the centrum is curved so that the posterior portion projects
further ventrally than the anterior portion, and the hypapophysis projects anteroposteriorly
through the middle. The posterior surface of the centrum is concave (making it opisthocoelous)
and circular to sub-circular in shape, and its ventral portion projects further posteriorly than its
dorsal portion. There are two small ‘knobs’ on the ventral edge of the posterior centrum surface
where it articulates with cervical 3. No odontoid process appears to be present anteriorly.
ETMNH-8549 seems to have a second cervical 2 present in the specimen. While incomplete, it
appears to be of similar size to the aforementioned cervical 2. Its association with the rest of the
specimen is questionable because it is a duplicate element and because its preservation is
different from the other cervical vertebrae present. No example can be found of a turtle
possessing two cervical 2s, and it is thought that the vertebrae was accidently placed with the
remaining cervical vertebrae from another specimen. A third cervical vertebra 2 is present in
ETMNH-11643. While it is incomplete, it agrees with everything described above for the
cervical 2 of ETMNH-8549.
Posterior to cervical vertebra 2 lies cervical 3. The element is nearly complete in ETMNH8549 and has a maximum anteroposterior length of 16.17 mm through the centrum (Figs. 25B,
94). The anterior surface of the centrum is convex, while the posterior surface is concave,
making the vertebra opisthocoelous. Dorsally, the neural spine is low and elongate. The prezygopophyses are rounded anteriorly, sub-oval in shape, and project anteriorly and somewhat
dorsally. Only one of the post-zygopophyses is complete (left) but is fairly robust, sub-triangular
in cross-section, and slightly concave, with a depression present dorsomedially. Ventrolaterally
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Figure 25. Cervical vertebrae of the GFS Trachemys in right lateral view. ETMNH-8549, A,
cervical vertebra 2 (axis) in right lateral view; B, cervical vertebra 3; C, cervical vertebra 4; D,
cervical vertebra 5; E, cervical vertebra 6; F, cervical vertebra 7. ETMNH-12832, G, cervical
vertebra 8. Scale bar equals 1 cm.
119

to the pre-zygopophyses lie the lateral processes, which are more robust than those of cervical 2
and have become more rounded on their lateral edges. There is a distinct ridge on the ventral
surface of the lateral processes. The ventral surface of cervical 3 is curved so that the posterior
portion projects further ventrally than the anterior portion, similar to the condition of cervical 2.
The hypapophysis is nearly complete and does not quite project to either the anterior or posterior
surfaces of the centrum. While slightly eroded, it appears the ‘knobs’ found on the posterior
surface of the centrum in cervical 2 are present in cervical 3 as well, although they are not as
pronounced. Several foramina can be found on its surface, including on the ridge located on the
ventral surface of the lateral processes and on the sides of the hypopohysis. The cervical vertebra
3 present in ETMNH-14049, while partially covered in matrix, appears to agree morphologically
with that in ETMNH-8549.
Cervical vertebra 4 from ETMNH-8549 is more elongate than the anterior cervical
vertebrae, with a maximum anteroposterior length of 20.82 mm through the centrum, making it
the longest cervical vertebra (Figs. 25C, 95). The anterior and posterior surfaces of the centrum
are convex, making cervical 4 and marks the transition from opithocoelous anteriorly to
procoelous posteriorly in the cervical series. The vertebra is nearly complete, although a portion
of its dorsal half is missing anteriorly, and the pre-zygopophysis and lateral process are present
on the right side. The pre-zygoppophysis is similar to that of cervical 3, with a rounded anterior
edge and generalized sub-oval shape. The lateral process has become less pronounced and more
robust compared to that of cervical 3. The ridges present on the ventral surface of the lateral
processes are becoming more pronounced and robust. The post-zygopophysis is similar to that of
cervical 3, although it projects more ventrally than that in cervical 3, which projects more
dorsally. The depression on the dorsomedial surface of the post-zygopophysis is even more
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pronounced than in cervical 3. The neural canal is also becoming more flattened and subrectangular in shape compared to being highly rounded anteriorly. The hypapophysis on the
ventral surface of the centrum is nearly complete and now stops will short of the posterior
surface of the centrum. The small ‘knobs’ on the posterior surface of the centrum are more
pronounced, but have moved somewhat anteroventrally, and are more lateral than in anterior
cervicals. The ventral surface of the centrum displays almost none of the ventral curve
posteriorly that the anterior cervicals exhibited. Several foramina are present, although the most
conspicuous lie lateroventrally where the hypapophysis contacts the rest of the centrum.
ETMNH-12832 has a cervical vertebra 4 preserved that measures 22.69 mm anteroposteriorly
and agrees morphologically with that of ETMNH-8549. The cervical vertebra 4 present in
ETMNH-14049, while partially covered in matrix, appears to agree morphologically with that in
ETMNH-8549.
Cervical vertebra 5 is slightly shorted than cervical 4 with a maximum anteroposterior
length of 19.89 mm through the centrum (Figs. 25D, 96). The anterior surface of the centrum is
concave, while the posterior is convex, making it the first (or anterior-most) proceolous vertebra
in the series. While the anterior surface of the centrum is sub-circular to sub-oval, the posterior
surface now has two main rounded portions like the condyles of the distal end of a femur,
otherwise known as biconvex. The pre-zygopophyses are both intact and seem essentially the
same as those of cervical 4. The lateral processes have receded further and are now essentially
robust but small lateral projections lateral to the anterior surface of the centrum. The neural spine
is not preserved in ETMNH-8549. Ventrally, the low and inconspicuous hypapophysis is present
and again ends well before the posterior edge. The ‘knobs’ or ventroposterior projections are still
present, although also inconspicuous and present ventrolateral to the posterior centrum surface.
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The neural canal is now sub-rectangular in shape, with it being wider (mediolaterally) than high
(dorsoventrally). Several foramina are present, including a set posteromedially from the prezygopophyses and a set on posteroventrally from the lateral processes. ETMNH-12832 has a
cervical vertebra 5 preserved that measures 19.78 mm anteroposteriorly and agrees
morphologically with that of ETMNH-8549. The cervical vertebra 5 present in ETMNH-14049,
while partially covered in matrix, appears to agree morphologically with that in ETMNH-8549.
Cervical vertebra 6 is shorter than cervical 5 with a maximum anteroposterior length of
17.15 mm through the centrum (Figs. 25E, 97). The anterior surface of the centrum is biconcave,
while the posterior is biconvex, making it proceolous. Both anterior and posterior centrum
surfaces are essentially sub-oval in shape. The right pre-zygopophysis is nearly complete and is
quite robust where it begins to project anterodorsally. The lateral processes are nearly completely
gone, although small lateral bumps are still present to show their presence. Most of the dorsal
surface is missing. Ventrally, the bottom is relatively flat except for the hypapophysis, which is
only present on the anterior-half of cervical 6. There is a slight depression present
posteromedially on the ventral surface of the vertebra and a pronounced demarcation between
the two ‘condyles’ on the posterior biconvex surface of the centrum. Two ridges lie lateral to the
depression on the ventral surface. The entire vertebra curves dorsally toward its posterior end.
The ‘knobs’ have now become part of the two ventral ridges toward the posterior of the vertebra.
The neural canal is still sub-rectangular in shape, similar to the condition found in cervical 5.
Several foramina are present, including two pronounced foramen lying posterior to the prezygopophyses on the lateral sides of the vertebra and one on either lateral side of the centrum
mid-length through it. ETMNH-12832 has a cervical vertebra 6 preserved that measures 17.70
mm anteroposteriorly and agrees morphologically with that of ETMNH-8549.
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Cervical vertebra 7 is shorter than cervical 6 with a maximum anteroposterior length of
12.96 mm through the centrum (Figs. 25F, 98). Both the anterior and posterior surfaces of the
centrum are biconcave, making the vertebra amphicoelous. Both ends are sub-oval, although the
concavities are deeper and more pronounced on the anterior surface. The pre-zygopophyses are
far less prominent and essentially just slight dorsal ‘bumps’ or projections now. The lateral
processes have become incorporated into the lateral portion of the anterior surface of the
centrum. Dorsally, the neural spine has become split. There is a point anteriorly where the two
halves meet, which is located just posterior to the pre-zygopophyses. The two halves then project
posteriorly onto either one of the two post-zygopophyses. They form a distinct ‘V’ shaped ridge
that seems to point anteriorly. There is also a significant depression within the ‘V’ and
anteromedial to the post-zygopophyses. The articular surface of the post-zygopophyses lies
essentially flat (anterolaterally) and points ventrally. Ventrally, the hypapohysis is highly
reduced and only lies on the anterior-half of the vertebra. The centrum is greatly constricted at its
mid-length. There is no trace of the posterior ‘knobs’ and resultant ridges found in the anterior
vertebra and, specifically, in cervical 6. The neural canal is now sub-triangular in shape. Several
faint foramina are present, although the foramen located just posterior to the pre-zygopophyses
are, by far, the most prominent. ETMNH-12832 has a cervical vertebra 7 preserved that
measures 13.43 mm anteroposteriorly and agrees morphologically with that of ETMNH-8549.
While no cervical vertebra 8 is preserved with ETMNH-8549, ETMNH-12832 does have
one preserved. It is the only representation of this element for this turtle and is nearly complete
(Figs. 25G, 99). The element has a maximum anteroposterior length of 10.21 mm between the
two articulation (or contact) surfaces. The anterior end of the centrum is partially eroded away.
The posterior end of the centrum is convex and sub-circular. The pre-zygopophyses are quite
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prominent and allow for strong articulation with cervical vertebra 7. The lateral processes are
still anterior and make up even more of the lateral portion of the anterior of the centrum.
Dorsally, the neural spine still appears to be somewhat split, although most of it is not preserved.
It’s located more posterior on the vertebra. It appears the ‘V’ shape would be present although
not as prominent as on cervical vertebra 7. Anterior to the ‘V’, the dorsal portion of the neural
arch is quite flat, in contrast to cervical vertebra 7. The majority of the hypapophysis is broken
and not preserved. In ventral view, the anterior portion of the vertebra is quite broad and
becomes constricted posteriorly. At the anterior and posterior ends the neural canal is oval, but
the majority of the canal itself is circular, which can be seen when looking through it either
anteriorly or posteriorly. At least one distinct foramen can be seen left lateral side of the
hypapophysis. Compared to the other cervical vertebrae, the 8th is distinctly short and robust. It
would articulate with dorsal vertebra 1, the first vertebra fused to the carapace.
Various other vertebrae are present with ETMNH-8549. These include numerous
fragments from dorsal vertebrae (Figs. 26A-D, 100-102). Almost all are incomplete and provide
little useful information on apomorphies or distinct morphology. A few of these vertebrae show a
reduced, sub-triangular centrum with a sharp, distinct ridge running ventrally. The two small
centra have a maximum length of only 4.75 and 4.70 mm, respectively, while a third measures a
mere 3.99 mm. Various dorsal vertebrae fragments are present with other specimens, including
ETMNH-11462 and ETMNH-11643, with the latter lacking any remnants of caudal vertebrae
and only having dorsal vertebrae fragments. These all agree morphologically with those
preserved in ETMNH-8549.
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Figure 26. Dorsal and caudal vertebrae of the GFS Trachemys, ETMNH-8549, in right lateral view. A, anterior dorsal vertebra; B,
median dorsal vertebra, C, posterior dorsal vertebra, D, posterior dorsal vertebra (same as in C), in posterior view; E, proximal caudal
vertebra; F, medioproximal caudal vertebra, G, mediodistal caudal vertebra; H, distal caudal vertebra. Scale bar equals 5 mm.
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The caudal section of the vertebral column of ETMNH-8549 is represented by at least
thirteen vertebrae (Figs. 26E-H, 103-107). While the entire column is not present, these,
undoubtedly, represent the majority of the tail. The anterior surfaces of the centra are slighty
concave and generally sub-hexagonal to sub-circular on the anterior caudals, but these become
more circular moving posteriorly and the posterior cervicals are nearly perfectly round. The
posterior surfaces of the centra are convex (making the caudal vertebrae procoelous) and remain
quite circular from the anterior to the posterior caudals. This convection is prominent in the
anterior caudals (e.g., Figs. 103-104) but becomes less so, and nearly flat, in more posterior
caudals (e.g., Figs. 106-107). The pre-zygopophyses project anteriorly, with the articulation
surface with the anterior vertebra facing ventrally. The pre-zygopophyses and the anterior part of
the neural spine or neural process prominently project anteriorly beyond the anterior surface of
the centrum. The lateral processes are prominent on the anterior caudals and project almost to the
posterior surface of the centrum. On the anterior-most caudal there are two prominent bumps
where the lateral processes come into contact, or nearly into contact, with the anterior surface of
the centrum (Fig. 103). These are far less prominent posterior to this caudal and not present on
the posterior caudals. The hypapophysis is fairly prominent on the anterior caudals and absent on
the posterior caudals. On the anterior caudals with a prominent hypapophysis, there are two
distinct depressions between it and the lateral processes. The post-zygopophyses are fairly
indistinct, being similar to those of other turtles. They are short and sub-columnar in shape, with
their articulation surfaces facing mediodorsally. Several foramina are present, with the most
prominent ones found ventrally on the centrum and, commonly, on either side of the
hypapophysis. The neural canal is sub-oval in shape in the anterior caudals, being slightly wider
than high. This is reversed in the posterior caudals, with the neural canal becoming higher than
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wide. The two processes of the neural spine that contact the centrum are both angled slightly
lateral, in contract with those of modern Trachemys, which are essentially parallel to each other.
A few caudal vertebrae or caudal vertebrae fragments are preserved with ETMNH-11643, and
these all agree morphologically with those preserved with ETMNH-8549. ETMNH-3562 has at
least 9 caudal vertebrae preserved, although most of these are only fragmentary. A few of these
are nearly complete, however, and agree with the morphology of those present in ETMNH-8549,
although they are larger and a bit more robust in the former. At least four caudal vertebrae are
present in ETMNH-3558. These vertebrae represent more posterior caudals, due to their more
pronounced transverse processes, and agree with those posterior caudal vertebrae present in
ETMNH-8549.
The left and right scapulae of ETMNH-8549 are present with the specimen, and both are
nearly complete, with only the two distal-most ends broken (Fig. 108). While both are nearly
complete, the right scapula is slightly better preserved and will be the one described here (Fig.
27E-F). The scapula is similar to that of modern Trachemys, with an anterodorsal process, a
ventromedial prong (=acromial process), and a central plate containing the glenoid fossa lying
laterally. The two processes are separated by an angle of approximately 90º. Both the
anterodorsal scapular process and the acromial process are broken with nearly equal lengths from
the glenoid fossa. The anterodorsal process is more robust than the acromial process and is more
robust than that of modern Trachemys with a maximum length of 28.80 mm from the glenoid
fossa and a maximum diameter of 5.85 near its distal end. The acromial process is slightly more
robust than that of modern Trachemys as well, although the difference is not as significant, and
has a maximum length of 31.30 mm from the glenoid fossa and a maximum diameter of 5.36
near its proximal end. The left scapula has a more complete anterodorsal process with a length of
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at least 41.15 mm, but this, too, is incomplete. The central plate of the right scapula where the
two processes meet is gently curved and more pronounced than in extant Trachemys. There is a
distinct foramen present on the posterior surface of the central plate. The glenoid fossa is shaped
similar to a half-circle although it has been skewed and bent posteriorly. The glenoid fossa is
more prominent than the articulation surface with the coracoid, which is in the shape of a much
smaller half-circle. ETMNH-3562 has a partial left scapula, with only the proximal end and
glenoid cavity preserved. The parts that are preserved agree morphologically with the scapulae of
ETMNH-8549.
Neither coracoid is present with ETMNH-8549. However, a nearly complete right
coracoid is preserved with ETMNH-12832 (Fig. 109). While part of the distal surface is broken,
part is preserved and gives a maximum proximodistal length of 34.89 mm. The mediolateral
width is 6.55 mm at the articulation surface, around the glenoid fossa, and approximately 14.85
mm at the distal end. The coracoid is flattened and flares more ventrolaterally than
dorsomedially. Directly distal to the proximal end, the shaft is thinnest with a width of 4.70 mm.
The articulation with the scapula and acromion process is a ‘half-circle’ with an inflated ridge
running through the middle, while the coracoid’s portion of the glenoid fossa is sub-triangular. In
the middle of the shaft as it flares out distally, there is a slight depression. This depression can
vary in depth. In ETMNH-12832 it is not prominent. An incomplete left coracoid is preserved
with ETMNH-12456. It agrees with that of ETMNH-12832, although it is a bit shorter and more
robust, with a more pronounced depression. ETMNH-12979 has a nearly complete right coracoid
preserved as well. It agrees morphologically with that of ETMNH-12832.
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ETMNH-8549 has an essentially complete right humerus with a maximum length of 43.67
mm and a mid-shaft width of 4.25 mm (Figs. 25A-B, 110). The proximal end of the humerus has
the head, medial process (tuberculum externum of Bojanus), and lateral process (tuberculum
internum of Bojanus). The head is sub-circular in shape, with a slight constriction across its
surface toward the lateral portion. As is normal with turtle humeri, the medial process is more
pronounced than the lateral process. The medial process is also more rounded, while the lateral
process is slightly more pointed and sub-triangular in shape. Lying just distal to the head are
several small foramen. A depression is found laterodistal to the head and between the two
processes. While not as pronounced as the depression present on the femur, this depression is
significant and contains a large number of foramina of various sizes, with the most prominent
foramin is found distally where the two processes meet and the depression ends. The shaft is
greatly bowed, more prominently than the bowing of the femur. The distal end is complete and
has the external condylar tubercle present. Its distal end is sub-oval and shows traces of
articulation with both the radius and ulna. Near the distal end on the lateral surface lies a highly
prominent and distinct groove. This groove travels for about 6.75 mm until it reaches the distal
surface of the humerus. A nearly complete right and fragmentary (only distal end) left humerus
are present with ETMNH-3562. Both agree with the observations made of the right humerus in
ETMNH-8549.
A complete left and nearly complete right radius are preserved with ETMNH-11643.
Since the right agrees with the left morphologically, the left will be described here (Fig. 111).
The left radius has a maximum proximodistal length of 20.60 mm, with diameters of 4.36 mm at
its proximal end, 5.57 mm at its distal end and 2.19 mm at mid shaft. The proximal surface is
flattened and semi-circular to oval in shape. Its medial edge is flattened at the proximal surface,
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and there is a depression found on the medial surface towards the proximal end. The distal end is
twisted compared to the proximal end, with the ‘oval’ shape wider mediolaterally versus
dorsomedially to lateroventrally at the proximal end. The shaft flares out towards both the
proximal and distal ends. The distal end is wider than the proximal end but has a ‘P’ shape, with
the wide part of the ‘P’ situated medially. The lateral edge projects slightly more distal than the
medial edge. There is a slim but distinct ridge that runs on the lateral surface from the distal edge
up the shape a short distance (~2-5 mm). There is a slight depression on the shaft near the distal
end on both the dorsal and ventral surfaces. While the dorsal surface is commonly rounded and
the ventral surface flat in modern Trachemys, the condition is not present in ETMNH-11643.
ETMNH-3562 has a nearly complete right radius and fragments of the left radius preserved. The
only portions missing from the right radius is parts of the distal-most end. It agrees completely
with the radius preserved with ETMNH-11643, with the only noticeable difference being that the
proximal surface of radius is more rounded laterally in the former. The same somewhat flattened
aspect of the radius discussed for ETMNH-11643 is present in ETMNH-3562 as well. A nearly
complete right radius is present in ETMNH-3558. With a maximum length of 17.00 mm, it is
slightly smaller and somewhat more gracile than the radius of ETMNH-11643 but otherwise
agrees with the latter specimen morphologically.
A complete right (Fig. 112), and fragments of a left, ulna are present in ETMNH-3562.
The element closely agrees in morphology to the ulnae present in extant Trachemys. In focusing
on the complete right ulna, it has a maximum length of 22.48 mm, with maximum widths of 6.14
mm proximally and 6.55 mm distally. As is common in Trachemys, the proximal and distal ends
flare out, with the medial shaft being more constricted and thinner. The entire element is
‘flattened’ dorsoventrally, and there is a sharp ridge running only the entire external lateral edge
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(proximodistally). On the proximal surface, there is a distinct, more distally sitting internal
portion for articulation with the external condylar tuberosity of the humerus. This means the
external proximal edge reaches further proximally than the internal edge. The proximal surface is
sub-triangular in shape, with its ‘three points’ directed laterally (external), medially (internal),
and dorsally, giving a small ridge on the proximodorsal surface of the element. Distally, there is
a slight concave depression on the laterodorsal surface. Similar to the proximal surface, the
lateral (external) edge projects further distally than the medial (internal) edge where the element
articulates with several proximal tarsals. A key difference between Recent Trachemys and the
ulna in ETMNH-3562 is the degree of curvature of the element. When holding the manus flat,
the proximal end of the ulna is curved more medially, as seen with the angle of the ventrolateral
surface near the proximal end. ETMNH-3558 has the distal end of the right ulna preserved,
although it agrees with the ulna present in ETMNH-3562.
ETMNH-3562 has at least two carpals present. These were identified as two distal carpals,
potentially from digits II and III, and were known to come from the right manus of the specimen
(Fig. 114). Three elements within ETMNH-3558 are known to be distal carpals and tentatively
identified as I, IV and V (Fig. 113). They are all small elements that are rounded and slightly
flattened anteroposteriorly.
Several phalanges are present with ETMNH-3558. Eight are preserved, all coming from
the right manus. These all follow the normal phalanx morphology in turtles, specifically in
emydids. There were also several phalanges present with ETMNH-3562, all known to be from
the right manus as well. Six could be identified as either medial or distal phalanges, although
further distinction was not conducted. A single phalanx was able to be identified as a proximal
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Figure 27.Various appendicular elements of the GFS Trachemys from ETMNH-8549. Right
humerus in A, dorsal and B, ventral views. Left illium in C, medial and D, lateral views. Right
scapula in E, anterior and F, posterior views. Left fibula in G, dorsal and H, ventral views. Left
metatarsal V in I, dorsal and J, ventral views. Scale bars equal 2 cm for A-H, and 5 mm for I-J.
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manual phalanx though, based on size of the element itself and size of the proximal end (Fig.
115). These agree in morphology with those of ETMNH-3558 except for being slightly larger,
with the latter specimen (ETMNH-3558) known to be a smaller individual.
A single manual ungual is present in ETMNH-3562, collected with the majority of the
right forelimb (Fig. 116). The element is very small and incomplete, with a maximum length of
4.75 mm and a maximum proximal diameter of 1.74 mm. There is also some tuberosity present
around the edges of the proximal surface. Otherwise, it agrees well with the pedal unguals
discussed below in more detail. ETMNH-3558 has three unguals from the right manus present
(Figs. 114-116). These all have maximum lengths of around 5 mm, with maximum proximal
diameters of around 2 mm, and agree with the manual ungual in ETMNH-3562. It is also
apparent that the ventral edge of the proximal surface is also commonly concavely-curved.
The bones of the pelvis are all nearly complete in ETMNH-8459, and those described here
are from the left side of the animal. The ilium is the largest represented element, with a
maximum length of 26.48 mm proximodistally (Figs. 27C-D, 120). There are three main
articulation surfaces proximally; those for the ischium, pubis, and the femoral head
(=acetabulum). All articulation surfaces are sub-triangular in shape, with the acetabulum also
being slightly concave. The ilium is wider in a somewhat mediolateral plane proximally, but this
twists and the element becomes wider in a more anteroposterior plane distally. The ilium flares
out greatly towards the distal end, with the lateral surface flattened, while the medial surface is
more rounded. There is a significant medial depression on the medial surface at the posterior end
where the ilium contacts the sacrum. It is difficult to tell whether only one sacral vertebra
contacts the ilium or two do as in modern Trachemys. A left ilium is nearly complete in
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ETMNH-11643 and agrees morphologically with that of ETMNH-8549. A complete left ilium is
present in ETMNH 12832, which shows how much the anterodorsal portion of the ilium tends to
flare out (Fig. 121).
The left ischium is nearly complete in ETMNH-8549, with a maximum proximodistal
length of 19.73 mm (Fig. 122A-B). An incomplete right ischium is also present with the
specimen (Fig. 122C-D). Proximally there are three surfaces of contact; one with the ilium; one
with the ischium, and one with the femoral head (=acetabulum). Similar to the conditions present
in the pubis, the ischium has its strongest articulation with the ilium, with only a small contact
with the pubis. The proximoposterior edge of the ischium also exhibits a gentle curve, similar to
the condition of the proximoanterior edge of the pubis, again more gracile and gentle than found
in modern Trachemys. There is a relatively strong projection posterior to the curve where the
ischium would contact, or nearly contact, the plastron. The projection is relatively wide and
pronounced, more so than in modern Trachemys. Medial to this projection is another gentle
concave curved edge although the medial (or distal) edge where the two ischia would meet is not
preserved. Partially complete left and right ischia are present with ETMNH-11643 and both
agree morphologically with that of ETMNH-8549. An incomplete right ischium is present in
ETMNH-3558. Other than being slightly smaller than the same elements in ETMNH-8549, the
only remaining difference is the shape and morphology of the articulation surfaces, although this
may be due to breakage along the proximoanterior surface. A nearly complete left ischium is
present in ETMNH-12832 (Fig. 123) and agrees closely with the morphology of ETMNH-8549.
The left pubis is nearly complete and is smaller and more gracile than the ilium and
ischium, with a maximum proximodistal length of 16.95 mm in ETMNH-8549 (Fig. 124).
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Proximally there are only three surfaces of contact on the ischium; including that with the ilium,
with the ischium as well as with the femoral head (=acetabulum). While all three are a subtriangular shape, the contact with the ilium is, by far, the more prominent. Similar to that of other
turtles, there is a gentle concave curve to the proximoanterior edge of the pubis until a projection
where it contacts, or nearly contacts, the plastron. This concave curve appears to me more open
and gentle than that of a modern Trachemys and was found in a second specimen (ETMNH11643) with pelvic elements. There is another concave gentle curve medial to this contacting
projection where it would contact the other pubis, although the element is incomplete and this
portion is not preserved. The entire element is gracile. The left and right pubes, although not
complete, are present in ETMNH-11643 and both agree with what was described above for the
pubis of ETMNH-8549. A nearly complete left pubis is also present in ETMNH-12832 (Fig.
125), but it does not differ morphologically from that in ETMNH-8549.
A nearly complete left femur is present in ETMNH-8549 with a maximum length of 38.10
mm, although it is missing the distal-most portion with the condyles. The element is quite
gracile, with a midshaft width of 3.52 mm, and curved concavely curved medially. The femoral
head is pronounced and sub-oval in shape, with the two furthest projecting points pointing
anteroventrally and posterodorsally. Both the trochanter minor and trochanter major are broken
and incomplete. Even so, it can be concluded that neither flared out far from the middle of the
shaft. Laterodistal to the head and between the trochanter minor and trochanter major lies a
pronounced depression. This depression is sub-circular in shape and projects slightly into the
shaft distally. Distally, just proximal to the point of breakage, there is a significant posterior
projection. The left femur that is part of ETMNH-3560 agrees in morphology to that of ETMNH8549, even though it is from a smaller and, presumably, younger individual. Fragments of the
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left and right femora were recovered with ETMNH-3562, and these agree morphologically with
the femur in ETMNH-8549. ETMNH-12265 has a complete right, and nearly complete left,
femur. The complete right femur has a maximum proximodistal length of 44.30 mm and a
midshaft width of 3.95 mm (Fig. 126). Otherwise it agrees in morphology with that of ETMNH8549.
Portions of both tibia are preserved in ETMNH-8549, although this only includes the
proximal and distal ends of the right tibia and the proximal end of the left tibia. The proximal
ends are both subtriangular, with a slight depression found in their center. The proximal end
tapers quickly into a very thin, gracile shaft of the tibia. The vast majority of the shaft of both the
left and right are missing. The distal end of the right tibia is present and similar to that of other
Trachemys. It is sub-trapezoidal to sub-triangualr in shape. On its distal surface, there is a small
projection ventrolaterally, similar to that seen in modern Trachemys. There is also a slim, but
distinct, ridge running up the dorsal portion of the shaft present. The shaft of the tibia appears to
be more robust distally than proximally. ETMNH-3560 has the distal part of the right tibia
preserved with most of the shaft. It agrees with the right tibia in ETMNH-8549, although the
distal most surface is slightly more rounded and the distal surface itself is slightly convex. An
incomplete left tibia is preserved with ETMNH 11643. The proximal end and most of the shaft is
present. The proximal end is robust, with a prominent ridge lateroventrally. There is a distinct
depression on the lateral surface near the proximal end. The proximal surface is somewhat
rounded, although it is flattened towards the lateral edge, and is convexly curved. The shaft is
slightly bent and is sub-triangular in cross-section. An essentially complete left tibia is preserved
with ETMNH-12832 (Fig. 127). This element agrees morphologically with those discussed
above, and represents the only complete tibia in the collection. It has a maximum proximodistal
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length of 30.44 mm with widths of 7.40 mm (proximally), 4.37 mm (midshaft), and 6.18 mm
(distally).
The left fibula is preserved in ETMNH-8549 and has a maximum length of 27.17 mm
(Figs. 27G-H, 128). It is a thin, gracile element similar to that of modern Trachemys, with widths
of 3.00 mm at its proximal end and 5.60 at its distal end. Proximally, the element is round, thin,
and inconspicuous. It begins to flare towards the distal end though. The ulna has a stronger curve
medially, giving it a slight ‘boot’ or ‘pubis’-like shape. Distally, the surface is sub-oval. There is
a sharp ridge that runs laterally along its length until reaching the distal surface, where it
becomes more pronounced. This is in contrast to the medial portion near the distal surface, which
is essentially flattened. The distal end also flares out dorsally for muscle attachment. The distal
end of a left fibula is preserved in ETMNH-11643. The shaft is flattened and flares somewhat
with a gentle curve, although it is more robust medially versus laterally, with a distinct ridge
running along the lateral surface. Distally, the element is quite robust, with a sub-trapezoidal
shape and seems to be convexly curved. The distal surface is better preserved than that of
ETMNH-8549, which may explain why they differ slightly in morphology. A nearly complete
right fibula is present in ETMNH-3558, missing only the proximal end. This fibula agrees
morphologically with those resent in ETMNH-8549 and ETMNH-11643.The left fibula
preserved in ETMNH-12832 also agrees morphologically with those discussed above.
The right metatarsals of digit ?II, III, and V are present in ETMNH-8549 as well
(metatarsal V is discussed above). Right metatarsal ?II is nearly complete and has a steep
proximodistal curve dorsally (Fig. 129). The right metatarsal III is a more distinct element, with
a maximum length of 10.43 mm (Fig. 130). It has articulation surfaces for metatarsal II and the
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proximal phalanx of digit II. It is far more robust proximally versus distally. It thins out quickly
from its proximal surface and becomes more blade-like distally with a gentle concave ventral
curve to the element. The articulation of the distal surface with the next more distal phalanx of
digit III is only slightly more robust than the rest of the distal surface. Due to the curvature of the
element, the majority of the dorsal surface has a generalized depression to it. Another, small
rounded element is present with ETMNH-8549 and is metatarsal V (Figs. 27I-J, 131). This
element is articulation surfaces for distal tarsal IV, metatarsal IV, and the proximal phalanx of
digit V.
Several pes elements are present in ETMNH-8549, including the left astragalus (Fig. 132).
While in some turtles the astragalus and calcaneum tend to fuse, the calcaneum is not preserved
with the astragalus in this taxon. The calcaneum+atragalus is similar to others of modern
Trachemys. Dorsally, the atragalus is a sub-round element, with a small rim running distally in a
semi-circle at its edge. There is a small bump proximomedially on its dorsal surface as well,
approximately where the tibia should articulate with the atragalus. Ventrally, the element is
concave, with a foramen present close to its center. Various articulation surfaces are present
around its lateral, proximal, and distal sides, including one for the fourth distal tarsal. An
incomplete distal tarsal, tentatively identified as from digit IV, is identified as well (Fig. 133).
Three small, semi-circular elements are found with ETMNH-11642. These are questionably
referred to as three distal tarsals II, III, and IV, respectively. A right astragalus and distal right
tarsal are present with ETMNH-3562, along with a complete left astragalus and metatarsal V
(discussed further below), which all agree with the observations in ETMNH-8549. Several pedal
elements are present in ETMNH-3558. These include the astragalus, metatarsal V, and three
distal tarsals, all of which agree morphologically with those discussed above.
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Other pedal elements are present in ETMNH-8549, although most seem somewhat gracile
and are considered medial and proximal pedal phalanges (Figs. 134-136). These include a
proximal phalanx that is nearly complete and sub-circular in shape, with a maximum length of
11.03 mm (Fig. 134). Little can be said of its morphology, although both the dorsal and ventral
surfaces of the element have a depression in their center. A somewhat flattened and semi-circular
element potentially represents the proximal phalanx of digit V. Its dorsal surface is concave, and
its lateral edge it curved convexly. There is a large articulation surface for distal tarsal III. A key
note of difference between this element and that in modern Trachemys is that digit V is situated
more laterally based on the orientation of the articulation surface for it on metatarsal V. Distal
pedal phalanges are present in ETMNH-8549 as well, and all are quite short and relatively robust
(Fig. 137). Pedal phalanges are also present in ETMNH-11462, although they are smaller and
incomplete compared to those in ETMNH-8549, with measurements of approximately 5 mm
each. Both elements have the same curvature of the proximal versus distal ends that is found in
other proximal phalanges of Trachemys specimens. Six other complete to nearly complete
phalanges are part of ETMNH-11642. These are all small (approximately 5 mm maximum
length), somewhat robust, especially compared to those in ETMNH-8549, and cannot be
attributed confidently to the manus or pes. Several phalanges are present with ETMNH-3562
from both the left and right hindlimbs. These all agree well with the phalanges in ETMNH11462, showing that longer phalanges are present in the pes compared to the manus. Several
pedal phalanges are present in ETMNH-3558 and all agree morphologically with those discussed
above.
A single ungual (=terminal phalanx) is found with ETMNH-11642 (Fig. 139). This is
questionably considered a pedal ungual because the other elements with the specimen were from
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hind- and not the forefoot. The ungual has a maximum length of 5.43 mm and a maximum
diameter of 2.00 mm at its proximal end. The dorsal surface is well rounded, while the ventral
surface is flattened. This same morphology is seen on the flat proximal surface, giving it a ‘halfcircle’ appearance. There is a distinct constriction immediately distal to the proximal end, and
element tapers to a distally to a point, common in turtle unguals. ETMNH-10547 contains a
single ungual as well (Fig. 138). It is a bit longer than the ungual with ETMNH-11642, with a
maximum length of 7.25 mm and a maximum proximal diameter of 2.38 mm. There are two
clear grooves present on the lateral sides of this ungual though, and both travel from the distal
point and gently curve towards the ventral surface. The groove connects with the ventral surface
5.35 mm from the distal point. The entire claw is gently curved, with the distal end projecting
further ventrally than the proximal end. The proximal surface agrees with that of the ungual in
ETMNH-11642, although now it is slightly concaved and there is a ridge running medially
through it from the dorsal towards the ventral surfaces. The same constriction from ETMNH11642 near the proximal surface is present in ETMNH-10547 as well. ETMNH-11643 has a
single ungual preserved. It has a maximum length of 8.26 mm and a maximum proximal
diameter of 2.86 mm. It agrees completely in morphology to the ungual present with ETMNH10547. ETMNH-3562 has a single right pedal ungual with a maximum length of 5.87 mm and a
maximum proximal diameter of 2.70 mm. It also has three left pedal unguals, with maximum
lengths of 8.45 mm, 8.70 mm, and 7.60 mm and maximum proximal diameters of 2.94, 2.83, and
2.91 mm, respectively. All pedal unguals in ETMNH-3562 agreed with the other pedal unguals
discussed above. At least three pedal unguals are present with ETMNH-3558, all, presumably,
from the right pes. Only one is complete, but all agree with the pedal unguals discussed above
based on their morphology.
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The comparisons of the GFS Trachemys with other similar taxa, and a proposed diagnosis
for the species, are present above (Chapter 2). Further discussion of how the GFS Trachemys fits
within Trachemys and the taxonomy surrounding it and its relatives can be found below (Chapter
4).
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CHAPTER 4
TAXONOMIC REVIEW OF TRACHEMYS

As mentioned before, Agassiz (1857) erected the genus Trachemys to account for a group
of ‘Emydoids’ he felt was generically distinct. He assigned the species “Emys scabra (serrata),
Troostii and elegans (cumberlandensis)” to Trachemys because they all constituted a distinct
genus (Aggasiz, 1857). The members of Trachemys have been shuffled and moved many, many
times since then. Thorough reviews of the current taxonomy were recently done by Rhodin et al.
(2010) and van Dijk et al. (2011). The Turtle Taxonomy Working Group (Rhodin et al., 2010;
van Dijk et al., 2011) attempted to show all the currently recognized Testudines and reviewed the
literature to show the evolution of all currently recognized names over time. Since they were
dealing with modern taxa, nomina dubia are not as much a concern, but synonymies and changes
in species names or new combinations with different genera were covered. van Dijk et al. (2011)
did not discuss many of the studies that led to the synonymies and taxonomic changes, as their
study was almost exclusively in list format. Instead Fritz and Havas (2007), while completing
their checklist of modern turtle taxa, included information such as synonymies, nomina nuda, ex
errore names, and type localities. Much of what will be covered for the modern Trachemys taxa
here was also covered by Rhodin et al. (2010) and van Dijk et al. (2011) but will be discussed
again in general aspects and to allow this to be a thorough review of Trachemys. Fritz et al.
(2012) recently reviewed a large number of Trachemys species and subspecies and created a
well-resolved molecular phylogeny. Their phylogeny will be followed for the taxa that they
studied. For all other Trachemys taxa, the taxonomy of Rhodin et al. (2010) will be used here to
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avoid confusion. This combination appears to be the most acceptable at present, until further
studies are conducted on more, or all, of the taxa of Trachemys. van Dijk et al. (2011) often listed
the taxa in the study by Fritz et al. (2012) as belonging to species A or species B. Due to this
uncertainty in some of their taxonomic designations, Rhodin et al. (2010) is a more distinct
choice for the other taxa. Without a study into all the Trachemys taxa, some systematic
relationships may remain unresolved or incomplete. Regardless of where the species or
subspecies are placed, the key is that the terminal taxa are different in various ways.
Terminology
This section will discuss much of the terminology used throughout this study. Keeping
this in mind, the bones and scutes of both the carapace and plastron will be discussed. Soft-tissue
anatomy/morphology will also be discussed regarding many of the designs found on the head,
neck, limbs, and tail. Further osteological terms regarding the crania and post-crania will be
covered in other chapters unless they are intricately important. Terminology for the carapace and
plastron follows Ernst and Barbour (1989) and Zangerl (1969).
Carapace
The carapace of Trachemys is typically made up of 50 different bones. These bones are
usually comprised of a single nuchal, several neurals, two suprapygals, a single pygal, and
several costals and peripherals (Fig. 28). The nuchal is the anteromedial-most bone and can be
important for identification of Trachemys taxa. Posterior to the nuchal and running
anteroposteriorly down the midline are the neurals. Normally there are 8 neurals present in
Trachemys, which attach to the neural arches of the dorsal vertebrae. Continuing posteriorly
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Figure 28. Generalized line drawing of the bones of the carapace in emydid turtles, in dorsal
view. Note that the scutes of the carapace are lightly outlined underneath the dark lines that
separate the bones. Abbreviations: cos, costal; mar, marginal; n, neural; nuch, nuchal; pyg,
pygal; sp, suprapygal. Note that only left representative of paired bones was labeled, and when a
number follows an abbreviation it means that is which number element it refers to (e.g., “cos1”
refers to the first costal, and “mar6” refers to the sixth marginal).
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Figure 29. Generalized line drawing of the scutes of the carapace in emydid turtles, in dorsal
view. Note that the bones of the carapace are lightly outlined underneath the dark lines that
separate the scutes. Abbreviations: cerv, cervical (scute); per, peripheral; pl, pleural; v,
vertebral. Note that only left representative of paired bones was labeled, and when a number
follows an abbreviation it means that is which number element it refers to (e.g., “v1” refers to the
first vertebral, and “per6” refers to the sixth peripheral).
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down the midline are a set of two suprapygals and a pygal, in that order. The nuchal,
suprapygals, and pygal do not have any attachment for vertebral neural arches. The costals lie
lateral (to posterolateral) to the neurals, with normally eight present on each side (16 total).
Outside of the costals, on the rim of the carapace between the nuchal and pygal, lie the
peripherals. Trachemys normally has 11 peripherals on each side (22 total). The bones of the
carapace articulate with each other via sutures. The bones commonly have sulci on their dorsal
surface, signifying the outer edges of the overlying carapacial scutes.
Carapacial Scutes
The bones of the carapace are covered with horny scutes. Typically, in Trachemys, there
are a total of 38 scutes on the carapace. These carapacial scutes are commonly composed of a
single cervical and several vertebrals, pleurals, and marginals (Fig. 29). The cervical is the
anteromedial-most scute, is commonly subrectangular in shape, and lies exclusively on the
nuchal. The five vertebrals are found posteriorly to the cervical and do not reach the posterior
rim of the carapace. Parts of them lie on the nuchals, neurals, costals, suprapygals, pygal, and
posterior-most peripherals. Lateral to the vertebrals are the pleurals, of which there are four on
each side (8 total). These lie, in part, on the nuchal, costals, and peripherals. Finally, the
marginals are situated around the outer edges of the carapace, except for where the cervical is
found. There are normally 12 marginals on each side (24 total). Seams are present between the
carapacial scutes, corresponding with underlying sulci on the bones of the carapace.
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Plastron
The plastron of Trachemys is typically made up of 9 bones. These bones are usually
comprised of 2 epiplastra, 1 entoplastron, 2 hyoplastra, 2 hypoplastra, and 2 xiphiplastra (Fig.
30). The epiplastra are a set of paired bones that make up the anterior-most portion of the
plastron and the anterior plastral lobe. Medioposterior to the epiplastra lies the entoplastron. The
entoplastron is sub-square to sub-trapezoidal in shape and is the only unpaired bone in the
plastron. Posterior to the entoplastron and epiplastra lie the paired hyoplastra. The hyoplastra
make up the majority of the anterior plastral lobe and the anterior-half of the bridge (at least its
ventral portion). The paired hypoplastra lie posterior to the hyoplastra and make up the posterior
half of the bridge (at least its ventral portion) and he anterior-half of the posterior plastral lobe.
The posterior-most bones of the plastron are the paired xiphiplastra. They make up the posteriorhalf of the posterior plastral lobe and are commonly well-rounded. The bones commonly have
sulci on their ventral surface, signifying the outer edges of the underlying plastral scutes.
Plastral Scutes
Similar to the carapace, the bones of the plastron are covered by horny scutes. Unlike the
carapace, all the plastral scutes are paired with a seam running longitudinally (anteroposteriorly)
along the midline. Typically, in Trachemys, there are a total of 12 plastral scutes, with other 4
scutes present on the bridge. Plastral scutes are comprised of a pair of gulars, humerals,
pectorals, abdominals, femorals, and anals, along with sometimes having two axillary scutes and
two inguinal scutes (Fig. 31). The paired gulars are the anterior-most plastral scutes and are
commonly sub-triangular in shape. Posterior to the gulars lie the paired humerals, which lie
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Figure 30. Generalized line drawing of the bones of the plastron in emydid turtles, in ventral
view. Note that the scutes of the plastron are lightly outlined underneath the dark lines that
separate the bones. Abbreviations: ento, entoplastron; epi, epiplastron; hypo, hypoplastron;
hyo, hypoplastron; xiphi, xiphiplastron. Note that only left representative of paired bones was
labeled, with the entoplastron being the only unpaired bone of the plastron.
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Figure 31. Generalized line drawing of the scutes of the plastron in emydid turtles, in ventral
view. Note that the bones of the plastron are lightly outlined underneath the dark lines that
separate the scutes. Abbreviations: abd, abdominal; an, anal; ax, axillary; f, femoral; g, gular;
hum, humeral; ing, inguinal; pec, pectoral. Note that only left representative of paired bones was
labeled. Also note that, while they were labeled, the axillary and inguinal scutes are found on the
bridge, but are commonly visible in ventral and/or lateral view(s).
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completely on the anterior plastral lobe. A set of paired pectorals lie posterior to the humerals
and make up a portion of the anterior bridge. Posterior to the pectorals lie a pair of abdominals,
which are commonly the largest scutes on the plastron and make up the majority of the bridge,
usually reaching all the way to the posterior of the bridge. A set of femorals lie posterior to the
abdominals and tend to make up the majority of the posterior plastral lobe. The posterior-most
plastral scutes are the subtriangular paired anals. At the posterior edge of each axillary notch
(anterior edge of the bridge), Trachemys will commonly have a subtriangular axillary scute. At
the anterior edge of each inguinal notch (posterior edge of the bridge), Trachemys will
commonly have a subtriangular inguinal scute. Seams are present between the plastral scutes,
corresponding with overlying sulci on the bones of the plastron.
Soft-Tissue Anatomy
Several of the stripes or markings on turtles, namely those of the head and neck, are given
specific terms by some authors (Fig. 32). Given that, this study tends to follow those laid out by
McCord et al. (2010). Included within these, and commonly very important in Trachemys, is the
postorbital stripe, a stripe that runs anteroposteriorly from the orbit (or just posterior to the orbit)
down the neck. The primary orbitocervical stripe is a stripe that normally extends diagonally
from the posteroventral corner of the orbit, past the corner of the mouth, and anteroposteriorly
down the ventrolateral side of the neck, and is the widest and most prominent orbitocervical
stripe. The secondary orbitocervical stripes are less pronounced and not as wide as the primary
orbitocervical stripe. The central orbitocervical stripe is found centrally between the postorbital
stripe and the primary orbitocervical stripe. The symphyseal stripe is a relatively wide stripe
lying medially on the chin (where the symphysis for the lower jaws would be), and running
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Figure 32. Head and neck stripes, Example is of a live caught and released Trachemys scripta
troostii from western Tennessee, USA in A, right lateral and B, left lateroventral view.
Abbreviations: csos, central secondary orbitocervical stripe; ms, mandibular stripe; mvns,
Median ventral neck stripe; pos, primary orbitocervical stripe; ps, postorbital stripe; pvns,
paramedian ventral neck stripe; smcs, secondary mandibular cervical stripe; ss, symphyseal
stripe.
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anteroposteriorly. The mandibular stripe is a relatively wide, anteroposteriorly running stripe that
lies anterolaterally on the chin. Secondary mandibular-cervical stripes are commonly found on
either side of the mandibular stripe. The symphyseal stripe will sometimes split posteriorly into a
‘Y-shape’. The two forks in this split, on the neck, are usually known as paramedian ventral neck
stripes. Between these forks, and running medially towards the posterior of the neck, lies the
median ventral neck stripe, which can be relatively wide and prominent. Other secondary and
inconspicuous stripes can also be found on the head and neck.

Trachemys Review
Trachemys—Testudo scabra was named by Linnaeus (1758) and used by Agassiz (1857) as the
type species of his newly erected genus Trachemys. As noted by Rhodin and Carr (2009), T.
scabra has usually been considered a nomen dubium since its original erection, although it has
been used at various times in the literature (e.g., Agassiz, 1857). Although it has commonly been
considered a nomen dubium, Rhodin and Carr (2009) reviewed its historical use. While they
considered it to represent a senior subjective synonym of Testudo punctularia, it is now known
to represent a species of Rhinoclemmys, R. punctularia (Rhodin and Carr, 2009). Since the
original type species of Trachemys is no longer in use, a different type species of Trachemys was
established (discussed below). It is of note that the Callichelys of Gray (1863) and the Redamia
of Gray (1870) are both considered junior synonyms of Trachemys (Rhodin et al., 2010).
Boulenger (1889) attempted to synonymize Trachemys with Chrysemys, and ‘Chrysemys scripta’
and this was accepted until somewhat recently. However, other authors felt that Trachemys was a
member of Pseudemys as early as 1938 (e.g., Carr, 1938). While some authors maintained the
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generic use of Trachemys, Seidel and Smith (1986) proposed that all Chrysemys, Pseudemys, and
Trachemys be maintained as separate genera, and this idea has mainly been followed since.
Much of the taxonomy of modern turtle species is based on soft-tissue morphology or
geographic distribution. This morphology can, and often is, based on coloration and patterns on
the head, limbs, and shell. While these are not useful for fossil species, they are the main method
for distinguishing modern species and subspecies apart, with genetics analyses being used as a
way to confirm or deny supposed relationships and taxonomic identifies. Many of these
morphologic features will be discussed here for the various modern or Recent species because
they are the main method used by most. Osteological comparisons and characters would be a
good next step to take, although few to no osteological characters may be found in the different
subspecies and, perhaps, the different species of Trachemys. Potential osteological characters
will be discussed where appropriate or where already known.
Modern Trachemys
Trachemys decorata. Pseudemys decorata, commonly known as the Hispaniolan Slider, was
named by Barbour and Carr (1940). The species is only known from the Dominican Republic
and Haiti in the Caribbean. As has been noted before, the species was transferred to Trachemys,
and neither Rhodin et al. (2010) nor van Dijk et al. (2011) recognized any subspecies.
Trachemys decorata was not examined by Fritz et al. (2012) and, therefore, its relatiohsips
were not investigated further.
Bonin et al. (2006) described Trachemys decorata as a turtle with a maximum length of
300 mm, a moderately domed shell, a fine median keel, and serrations (=denticulations)
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posteriorly. Dorsal surface of the carapace either smooth or with shallow longitudinal wrinkles or
ridges. The color of the carapace is generally gray to brown, with light ocelli on the pleurals. It
has a well-developed plastron with a background color of yellow to cream and small,
asymmetrical dark circles, with background colored circular centers. These same small circles
are present on the scutes of the bridge as well. The snout (anterodorsal portion of the head) is
rather blunt, conical (rounded), and only projects anteriorly. The upper jaw has no ‘V’-shaped
median notch present. The head is gray to brown and has yellow and dark to black stripes on its
sides, as well as a wide green to yellow stripe posterior to the eyes. The tail and limbs are greygreen to brown with some black-bordered longitudinal yellow stripes present. As is common
with Trachemys, males are generally smaller than females, with an even more pronounced
pointed snout and long claws on the second, third, and fourth digits. The juveniles are generally
more brightly colored than older adults. Ernst and Barbour (1989) mostly agree with the
observations of Bonin et al. (2006). The vertebrals are mediolaterally broader than long
(anteroposteriorly). The posterior serrations are not pronounced. The plastron lacks a deep anal
groove but has a plastral formula of abdominal > pectoral > anal > femoral > gular > humeral.
The ridge on the triturating surface of the upper jaws is low. The snout only projects slightly.
Older adults do not become very dark (melanism), unlike some other Trachemys taxa. The
cloacal vent is commonly posterior to the carapace ridge in males but beneath the carapace in
females.

Trachemys decussata. Trachemys decussata, commonly known as the Cuban Slider, is native to
the Cayman Islands and Cuba and is currently thought to be comprised of two subspecies, T. d.
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decussata and T. d. angusta (van Dijk et al., 2011). The generalized description of T. decussata,
as presented by Bonin et al. (2006) was of a relatively large turtle with a maximum length of 390
mm with an elongated oval and domed carapace that has a median keel and posterior serrations.
Vertebral 1 is somewhat convex and is approximately as long (anteroposteriorly) as wide
(mediolaterally). Vertebrals 2-4 are a little longer than wide, and vertebral 5 is wider than long.
The color is generally a brown to olive-green with the color patterns faded away on adults. In
juveniles, the colors are brighter and the median dorsal keel is more pronounced. An anal notch
is present on the plastron. The plastron has a yellow background color with dark black outlines
around the seams of the plastral scutes. The bridge is yellow with a series of longitudinal black
bands or ocelli. The head is medium in size with a blunt and rounded snout that only slightly
projects anteriorly and a shallow median notch in the upper jaw. It is commonly olive-brown to
green in color with yellow stripes present. As is common with other Trachemys, T. decussata has
stripes posterior to its eyes, and these yellow stripes run posteriorly on the neck. The jaws are
generally a light color (yellow to light brown). The limbs are usually dark green with yellow
longitudinal stripes. The males will commonly exhibit melanism as they get older. The shells of
females are commonly more highly domed than males. Ernst and Barbour (1989) agreed with
most of the observations of Bonin et al. (2006). The plastral formula for T. decussata is
abdominal > anal > pectoral > gular > femoral > humeral. The snout is only slightly projecting
and is relatively blunt and rounded. As mentioned by Ernst and Barbour (1989), the much darker
color of older males caused taxonomic confusion in the past, with many thought to be a separate
species, namely Trachemys rugosa (Shaw, 1802), before it was found that this form of melanism
was present. Ernst and Barbour (1989) also noted that the sides of the carapace tend to be parallel
or slightly indented at the bridge. For further descriptions, see subspecies below.
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Trachemys decussata decussata. Testudo rugosa was originally named by Shaw (1802).
The name was considered, at least partim, a nomen dubium by Barbour and Carr (1940).
Following this, Bell in Griffith and Pidgeon (1830) put forth the name Emys decussata (Bell,
1830). Barbour and Carr (1940) gave credit to Bell (1830) for the name, although his study was
not published until December 1830, giving the former publication precedent. Several other
names have since been synonymized with this turtle as well. Emys vermiculata was published by
Gray (1844), Emys jamao by Vilaro (1867a), Emys gnatho by Vilaro (1867b), and finally
Pseudemys decussata plana by Barbour and Carr (1940). All are considered junior synonyms of
T. d. decussata by van Dijk et al. (2011).
As it is known now, Trachemys decussata decussata, commonly known as the Eastern
Cuban Slider, is native only to Cuba. Fritz et al. (2012), in their molecular phylogenetic study,
maintained T. d. decussata as one of two subspecies within the species Trachemys decussata.
In their description of Trachemys decussata decussata, Bonin et al. (2006) noted that it
had a wide and oval carapace, with a skin that was mainly relatively green to olive. The snout is
well rounded and the plastron has black seams following the plastral scutes. Ernst and Barbour
(1989) essentially noted the same things, with the main differences between the two subspecies
of T. decussata being skin color and geographic range.
Trachemys decussata angusta. Pseudemys decussata angusta, otherwise known as the
Western Cuban Slider, was named along with P. d. plana (=Trachemys decussata decussata) by
Barbour and Carr (1940). Rhodin et al. (2010) listed this, along with Pseudemys granti named by
Barbour and Carr (1941), as junior synonyms of T. d. angusta.
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Trachemys decussata angusta is native to both the Cayman Islands and Cuba. As was the
case with T. d. decussata above, Fritz et al. (2012) had T. d. angusta and T. d. decussata come
out as sister groups and maintained the species with two separate subspecies.
Bonin et al. (2006), in their brief description of Trachemys decussata angusta, mentioned
that it has a gray to somewhat brown skin. Ernst and Barbour (1989) essentially noted the same
things, with the main differences between the two subspecies or T. decussata being geographic
range and skin color.

Trachemys dorbigni. Emys dorbigni was named by Duméril and Bibron (1835). There has been
much confusion regarding this turtle and its affinities since then. Fitzinger (1835) named
Clemmys (Rhinoclemmys) orbignyi later in the year as a potential nomen novum. Boulenger
(1886) presented the name Clemmys dorbignyi as another potential nomen novum. Finally,
Freiberg (1969) named a potential subspecies and called it Pseudemys dorbignyi brasiliensis.
Rhodin et al. (2010) listed all of these as synonymous with Trachemys dorbigni.
In looking at the cladogram made by Fritz et al. (2012), they noted that T. adiutrix does
group together as a monotypic group, albeit with T. dorbigni as the sister group. Fritz et al.
(2012) used the sequence divergence data, though, to group both dorbigni and adiutrix together
as a monospecific clade. This turtle, commonly known as the Brazilian Slider, is native to
Argentina, Brazil, and Uruguay (Rhodin et al., 2010; van Dijk et al., 2011; Fritz et al., 2012).
Within the two subspecies, T. dorbigni is a medium-sized slider turtle with a posterior
carapacial margin that can be either serrated (T. d. dorbigni) or not (T. d. adiutrix). The general
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color of the carapace is brown to olive, and various markings, ranging from yellow to black, can
adorn it. A somewhat inconspicuous median keel is present on the carapace, commonly more
visible posteriorly. The marginals commonly have light to red stripes present that run
proximodistally. The plastron of T. dorbigni, like many other Trachemys, is yellow to orange,
with darker figures either as stripes or following the plastral scute seams. The postorbital stripe is
yellow to orange, does not contact the orbit, is narrow anteriorly, and widens posteriorly. The
primary orbitocervical stripe is yellow and narrower than the postorbital stripe. The head and
neck have various light (yellow to orange) stripes, similar to various other Trachemys. For
further descriptions, see subspecies below.
Trachemys dorbigni dorbigni. Trachemys dorbigni dorbigni, commonly known as
D’Orbigny’s Slider or the Brazilian Slider, has a relatively wide range in Argentina, Brazil, and
Uruguay (van Dijk et al., 2011). In the molecular phylogenetic study by Fritz et al. (2012), T.
dorbigni grouped together, with T. adiutrix as its sister group. The authors felt that both should
be considered subspecies of T. dorbigni (Fritz et al., 2012).
In their description of Trachemys dorbigni (herein T. d. dorbigni), Bonin et al. (2006)
considered there to be two separate subspecies, T. d. dorbigni and T. d. brasiliensis. In their
review of modern turtle taxonomy, van Dijk et al. (2011) considered these to be synonymous and
did not list them as separated subspecies. The differences between these two will be listed here
even though they are subtle. Trachemys dorbigni dorbigni reaches a maximum length of
approximately 260 mm, with females having highly domed shells and a median keel that is well
marked in juveniles. As in most other Trachemys, the posterior margin is serrated. The general
color is olive to brown with various markings ranging from yellow to orange to bright red. The
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individual markings are bordered by black, with each being confined to a distinct scute. The
marginals have vertical light bars. The plastron is commonly yellow or orange, with a large,
intense, central figure that follows the seams between the plastral scutes. In juveniles, the dark
blotches can commonly contain light areas that darken as the turtle ages. The head is moderately
sized, with a relatively strongly projecting snout (anterodorsal of the head). The upper jaw has a
slight median notch. Skin of the head is usually brown to green, with numerous yellow and
orange stripes present (each of which is commonly bordered by black). The postorbital stripe is
normally wide and does not contact the orbit. Laterally on the head, there are normally three
relatively narrow stripes that reach posteriorly from near the eye onto the neck. Numerous light
colored stripes are present lateral to the snout and longitudinally on the chin. The mouth has a
drawn-out light splotch that is encompassed by black. Both the neck and limbs normally have a
brown to green background color with yellow stripes commonly present. Melanism is fairly
common in older males. Various colors, patterns, and geographic distribution were the main
differences in the two subspecies listed by Bonin et al. (2006). For T. dorbigni dorbigni, these
included: a brown carapace with orange stripes, a narrow postorbital stripe, an orange plastron,
and a native geographic range in Argentina and Uruguay. For T. d. brasiliensis, these included: a
mostly green carapace with yellow or pinkish red stripes, a broad postorbital stripe, a yellow to
green plastron, males lack the central plastral figure (discussed above), and a native geographic
range in Brazil. Ernst and Barbour (1989) agree with Bonin et al. (2006) on most of their
observations for T. d. dorbigni. They do, however, note that vertebrals are normally wider
(mediolaterally) than long (anteroposteriorly). The plastron is relatively large with am anal notch
and has a plastral formula of abdominal > gular > pectoral > anal > femoral > humeral. In older
adults, almost the entire plastron can become very dark and sometimes completely black in
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melanistic males. Several longitudinal stripes are present on the chin running posteriorly, with
the median one forking on the neck. Each corner of the mouth has an elongated black-bordered
yellow blotch. Ernst and Barbour (1989) also stated the differences between the subspecies T. d.
dorbigni and T. d. brasiliensis, which were not recognized by van Dijk et al. (2011) and are not
differentiated here.
Trachemys dorbigni adiutrix. Trachemys dorbigni adiutrix, otherwise known as the
Maranhao Slider, was named by Vanzolini (1995). The species is native to Brazil (Maranhão,
Piauí). While it was formerly considered a monotypic species (Rhodin et al., 2010), Fritz et al.
(2012) recently conducted a study on the molecular phylogeny of Trachemys from Central and
South America and reassigned the taxon. After completing their molecular phylogeny, Fritz et al.
(2012) looked at the implications of the new phylogeny and reviewed the systematics of
Trachemys, although not all known species and subspecies were included.
Fritz et al. (2012) concluded that T. adiutrix should be a considered a subspecies of T.
dorbigni based on a low sequence divergence between the taxa and the well-supported clade they
formed. Fritz et al. (2012) found that T. adiutrix and T. dorbigni were more closely aligned than
T. scripta and T. gaigeae and inferred that they formed a single species.
Bonin et al. (2006) described Trachemys dorbigni adiutrix as a rare turtle species with a
rugose shell and a median vertebral keel present posteriorly. The posterior peripherals are not
serrated or widened, as is the case with some other Trachemys species and/or subspecies. The
generalized color or the carapace is brown, with the vertebrals having orange, brown, and black
parallel stripes. The marginals, on the other hand, have red stripes dorsally with dark brown to
black ocelli on a pale orange to yellow background. The plastron, like most other Trachemys, is
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yellow, commonly with symmetrical olive-grey stripes that are bordered with black. Wide gulars
extend to the lateral sides of the plastron, which is as long as it is wide. The anterior lobe and
posterior lobes are both approximately the same width. The dorsal surface of the head was black
and lacked light lines. Moving ventrally, the head becomes dark grey midway down the neck. A
wide orange or yellow stripe is posterior to the eye. There is normally one or two light markings
on the upper lip and a larger yellow blotch ventrally on the chin, with the latter encircled with
black. The black circling on the chin extends posteriorly and splits to form as inverted ‘Y’ on the
throat. The throat also has various other yellow and orange markings on it. Juveniles commonly
have large, pronounced, bright ocelli, with these and many of the other markings fading with age
in adults.

Trachemys gaigeae. Trachemys gaigeae, commonly known as the Big Bend Slider, is native to
parts of northern Mexico and the southwestern United States and is currently thought to be
comprised of two subspecies, T. g. gaigeae and T. g. hartwegi (van Dijk et al., 2011). Bonin et
al. (2006) considered both these subspecies as subspecies of T. nebulosa. With that being said,
the characteristics used by Bonin et al. (2006) for T. nebulosa can be applied to T. gaigeae as
well. Trachemys gaigeae, which is equivalent, in part, to the T. nebulosa of Bonin et al. (2006),
differs from T. scripta (which it was formally considered a subspecies of) due to the presence of
a yellow or orange stripe posterior to its eye that ends in an oval spot. The two subspecies of T.
gaigeae were considered subspecies of T. scripta by Ernst and Barbour (1989). With that being
said, what the authors stated about the whole species T. scripta (sensu lato) should apply to the
current understanding of the species T. gaigeae as well. With that in mind, vertebral 1 is longer
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(anteroposteriorly) than wide (mediolaterally) or at least as long as wide. Vertebrals 2-5 are
wider than long. The plastron has a slight anal notch posteriorly and the plastral formula is:
abdominal > anal > femoral >< gular >< pectoral > humeral. The snout (anterodorsal of head)
projects anteriorly and a ‘V’-shaped median notch is present in the upper jaws. There is
prefrontal arrow present where the stripes posterior to the eyes project dorsoanteriorly to meet
the stripes above (dorsal to) the upper lips and snout. Stuart and Ernst (2004) mentioned that T.
gaigeae had a maximum length of approximately 300 mm. Ernst and Lovich (2009) discussed T.
gaigeae as well in their study on turtles from the United States and Canada. While they discussed
that there are two subspecies and only focused T. g. gaigeae, their observations were for the
species in general. As such, these turtles have a slightly serrated posterior rim to the carapace.
The general carapacial color is light olive brown, with a reticulate pattern of curved orange
stripes that routinely surround small ocelli on the pleurals and vertebrals. Each marginal has a
single curved, orange bar, and a dark-bordered ocellus at its lower posterior corner. Males can
develop melanism with age. The underlap of the marginals have large dark-bordered ocelli at the
seams, and the bridge has narrow, transverse dark stripes. The plastron is cream to orange or
light olive, commonly with a dark central figure from the gulars posteriorly to the anals. The
plastral figure is formed by a series of elongate, narrow lines that can spread laterally across the
transverse seams. The skin tends to be light olive to orange brown, with the limbs having
longitudinal yellow or light stripes. The postorbital stripe is an oval, black-bordered red to
orange spot that does not contact the orbit. The chin has a medial stripe, with lateral stripes
reduced to ovals that are nearly ocelli. Differences between the sexes are similar to other
Trachemys, dealing with length, degree of doming, plastral concavity, forelimb claw length, and
tail dimensions. For further descriptions, see subspecies below.
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Trachemys gaigeae gaigeae. Pseudemys scripta gaigeae, commonly known as the Big
Bend Slider, was named by Hartweg (1939). Similar to Trachemys emolli (discussed below), this
turtle was transferred to Trachemys and was elevated to species rank. Trachemys gaigeae was
then given a separate subspecies after it was found the species was not monotypic, as it shares its
species with T. g. hartwegi (van Dijk et al., 2011). It is native to parts of northern Mexico
(Chihuahua, Coahuila, and Durango) and the southwestern United States (New Mexico and
Texas).
Fritz et al. (2012), although focusing on Trachemys from Central America and South
America, did have a specimen of T. g. gaigeae in their study. While it was only a single
specimen, it did come out as the sister group to T. scripta (T. s. elegans and T. s. scripta).
Bonin et al. (2006) described Trachemys gaigeae gaigeae as not exceeding a length of 240
mm with a reticulated design on the carapace. Often a small ocellus is present on each carapacial
scute. A large orange blotch that has black borders is present posterior to the eye but never
actually contacts the orbit. Several dark stripes are present medially on the chin. The buccal
cavity will normally have sharp, denticulated keratinous structures on both jaws. Ernst and
Barbour (1989) noted that T. g. gaigeae rarely exceed 220 mm in length. It has a reticulated
carapacial pattern, commonly with small ocelli. The more lateral stripes of the chin are
commonly shortened to ovals that are ocelli-like. The plastral pattern varies from a large blotch
on each plastral scute to a large, dark, central figure that may spread out along the transverse
seams.
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Trachemys gaigeae hartwegi. Pseudemys scripta hartwegi, commonly known as the
Nazas Slider, was named by Legler (1990) in honor of Hartweg. The taxonomy of this turtle
followed much the same path as T. g. gaigeae (van Dijk et al., 2011). It is similar to T. g.
gaigeae and the range of the two overlap, with the former found in similar places in Mexico
(Coahuila and Durango).
Fritz et al. (2012) did not have T. g. hartwegi as part of their study, but it is assumed it
would have grouped with T. g. gaigeae anyway.
Bonin et al. (2006) noted that Trachemys gaigeae hartwegi was similar to Trachemys
nebulosa nebulosa except for its native geographic range. There are several conflicting
viewpoints on T. g. hartwegi and its taxonomy, and more information is needed.

Trachemys grayi. Emys grayi, named by Bocourt (1868), is considered a senior homonym and
was transferred to Trachemys venusta as a subspecies (Rhodin et al., 2010). Fritz et al. (2012)
conducted a phylogenetic analysis of several taxa of Trachemys and found that T. v. grayi
formed a monophyletic clade with T. v. panamensis and T. emolli. Due to low sequence
divergence values, they felt that this clade represented a single species. Given that the oldest
name for the clade was Emys grayi Bocourt, 1868, Fritz et al. (2012) made all three taxa
subspecies of Trachemys grayi.
Trachemys grayi, commonly known as Gray’s Slider, is native to parts of southern
Mexico (Chiapas and Oaxaca), and Central America, including Guatemala, El Salvador,
Nicaragua, Costa Rica, and Panama (van Dijk et al., 2011). Trachemys grayi, particularly T. g.
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grayi, are large turtles with relatively dark ocelli or blotches towards the posterior of the pleurals
and marginals. Dark ocelli or blotches are also present on the ventral surface of the marginals.
The plastral pattern can be diffuse and is commonly a dark figure centered around the median
seams with bolder lines reaching latitudinally along the plastral seams. The subspecies grayi and
panamensis were formerly considered within the species T. venusta. With that in mind, they
were described, together with the other subspecies within T. venusta, by Bonin et al. (2006) as a
very large turtle, reaching a maximum length nearly 500 mm, very similar to T. scripta, which
the subspecies were formerly considered. Ernst and Barbour (1989) still considered subspecies of
T. venusta to be a subspecies of T. scripta. With that in mind, what the authors stated about the
entire species T. scripta (sensu lato) should apply to the current understanding of the species T.
venusta as well. Keeping that in mind, vertebral 1 is longer (anteroposteriorly) than wide
(mediolaterally) or at least as long as wide. Vertebrals 2-5 are wider than long. The plastron has
a slight anal notch posteriorly and the plastral formula is: abdominal > anal > femoral >< gular
>< pectoral > humeral. The snout (anterodorsal of head) projects anteriorly and a ‘V’-shaped
median notch is present in the upper jaws. There is prefrontal arrow present where the stripes
posterior to the eyes project dorsoanteriorly to meet the stripes above (dorsal to) the upper lips
and snout. These descriptions still apply, in part, to T. grayi (sensu lato) but are listed here for
completeness. For further descriptions, see subspecies below.
Trachemys grayi grayi. Emys grayi, as mentioned above, was named by Bocourt (1868)
and is considered a senior homonym (van Dijk et al., 2011) Emys umbra was named by Bocourt
(1876) but is considered a nomen novum and was later synonymized. The taxon was transferred
to Trachemys venusta as a subspecies by the Rhodin et al. (2010). Otherwise known as Gray’s
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Slider, it is native to El Salvador, Guatemala, and the Mexican states of Chiapas and Oaxaca
(van Dijk et al., 2011).
Fritz et al. (2012), in their molecular phylogenetic study, included five of the six
subspecies of Trachemys venusta, only leaving T. v. iversoni out of their analysis. The subspecies
of Trachemys venusta that were studied did not form a monophyletic clade. Trachemys venusta
grayi came out as the sister group to T. emolli and as a member of a monophyletic clade with T.
emolli and T. v. panamensis (Fritz et al., 2012). This meant that T. venusta must be split into
other species. In using the oldest available name for the clade, they transferred all three taxa into
the species Trachemys grayi.
In their description of Trachemys grayi grayi (=T. venusta grayi), Bonin et al. (2006)
noted that this large turtle has dark ocelli present on the pleurals and marginals of the carapace,
with the plastral pattern being diffuse, frequently fragmented and/or faded, and quite
inconspicuous in adults. The stripes on the head are narrow, with the postorbital stripe always
reaching the eye. Ernst and Barbour (1989) also mentioned that T. g. grayi was a very large
turtle, reaching up to 600 mm in maximum length, which McCord et al. (2010) also noted. The
postorbital stripe is commonly yellow and is rarely broken (as in T. g. emolli and T. g.
panamensis).
Trachemys grayi emolli. Pseudemys scripta emolli, commonly known as the Nicaraguan
Slider, was named by Legler (1990). As was common, “P. scripta” really referred to Trachemys
scripta, hence the turtle is now considered T. emolli (Rhodin et al., 2010). It is native to Costa
Rica and Nicaragua.
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In their molecular phylogenetic study, Fritz et al. (2012) had T. emolli as a monophyletic
group but felt that it belonged to another species due to its low sequence divergence data with the
Trachemys taxa grayi and panamensis. The sister group to T. emolli in the Fritz et al. (2012)
study was T. venusta grayi, with T. venusta panamensis sister to those two. Fritz et al. (2012) felt
that a separate species designation should be used. Trachemys grayi would then contain T. g.
panamensis, T. g. grayi, and T. g. emolli (Fritz et al., 2012).
Bonin et al. (2006) described Trachemys grayi emolli (=T. emolli) as being very similar to
T. venusta (described below), with a large orange-yellow to light pink stripe posterior to the eye
that is ‘pinched off’ or broken. The carapace is relatively flat and dark, with ocelli on the pleurals
and marginals, which tend to be brown in the center and orange at their periphery. It reaches a
maximum length of approximately 372 mm.
Trachemys grayi panamensis. Trachemys venusta panamensis, otherwise known as the
Panamanian Slider, was one of three subspecies of Trachemys venusta named by McCord et al.
(2010). Trachemys v. panamensis is native only to Panama. Rhodin et al. (2010) mention that
the three subspecies named by McCord et al. (2010) were based mainly on soft-tissue
morphology, including patterns of the head and neck stripes, patterns of coloration on the
carapace and plastron, the plastral scute formulae, the maximum sizes, and geographic
distributions. They temporarily listed the three subspecies, including T. v. panamensis, as distinct
subspecies of Trachemys venusta until a genetic analysis would be conducted (Rhodin et al.,
2010).
A molecular phylogenetic analysis was completed not long after this suggestion by Fritz et
al. (2012) which included five of the six recognized subspecies of Trachemys venusta, only
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leaving T. v. iversoni out of the analysis. Trachemys v. panamensis came out as the sister to the
group containing T. v. grayi and T. emolli (Fritz et al., 2012). As mentioned above, Fritz et al.
(2012) considered the group containing these three turtles to be subspecies of Trachemys grayi.
In their original description of Trachemys grayi panamensis (=T. v. panamensis), McCord
et al. (2010) noted that the carapace has pale yellow circles posterocentrally located, with
primary pleural ocelli surrounding dark areas. The dark areas surrounded light-orange colored
centers and contact the posterior scute seams. Secondary markings are present on the anterior,
lateral, and medial portions of the pleurals. Dark areas with light-orange colored centers are also
present covering the intermarginal seams. Vertebrals 1 and 5 have primary markings parallel to
the median line. Vertebrals 2 and 3 have a central posteriorly open ‘horseshoe’ (semi-circle) that
often fades with age. Vertebrals 2, 3, and especially 4 have a relatively complex pattern of lateral
markings. Vertebral 1 is wider (mediolaterally) than long (anteroposteriorly). The carapace of
juveniles is widest (mediolaterally) at the suture between marginals 7 and 8. The bridges have
two light lines present each. In juveniles the plastral patterning is reduced with bolder dark lines
latitudinally following both sides of the median scute seams between the posterior half of the
intergular seam and the anterior half of the interanal seam. These bold, dark lines expand
laterally to involve 90% of the gular/humeral seams, 20-30% of the humeral/pectoral seams, 8090% of the pectoral/abdominal seams, 95-100% of the abdominal/femoral seams, and 100% of
the femoral/anal seams. In hatchlings 30-40% of the total plastron is covered by the pattern. The
plastral formula in hatchlings is thought to likely be abdominal > anal > pectoral. Similar to T. v.
iversoni, the light-colored postorbital stripe contacts the orbit, expands as it passes over the
tympanum, then narrows again posteriorly on the neck. The primary orbitocervical stripe is
approximately the same width as most of the postorbital stripe. The central secondary
168

orbitocervical stripe gradually becomes as wide posteriorly as the expanded portion of the
postorbital and primary orbitocervical stripes. The mandibular stripe is isolated. Since the
symphyseal stripe and paramedian neck stripes do not connect, no ‘Y’-shaped mark is present.
The median neck stripe on the posteroventral portion of the neck splits laterally, crossing the
paramedian stripes to join the primary orbitocervical stripe. The mandibular tomium (or outer
cutting edge of the jaws) is finely serrated.

Trachemys iversoni. Trachemys venusta iversoni, otherwise known as the Yucatan Slider, was
one of three subspecies of Trachemys venusta named by McCord et al. (2010). The Trachemys
taxon iversoni is native only to Yucatán in Mexico. Rhodin et al. (2010) mention that the three
subspecies named by McCord et al. (2010) were based mainly on soft-tissue morphology,
including patterns of the head and neck stripes, patterns of coloration on the carapace and
plastron, the plastral scute formulae, the maximum sizes and geographic distributions. They
temporarily listed the three subspecies, including T. v. iversoni, as distinct subspecies of
Trachemys venusta until a genetic analysis would be conducted (Rhodin et al., 2010).
A molecular phylogenetic analysis was completed not long after this suggestion by Fritz et
al. (2012) which included five of the six recognized subspecies of Trachemys venusta.
Trachemys v. iversoni was the only subspecies of Trachemys venusta left out of their analysis,
and its relationships were not investigated further (Fritz et al., 2012). Since Fritz et al. (2012)
removed the five other former subspecies of T. venusta from the species, the last one remaining,
iversoni, must be elevated to species-level until further study is conducted to further determine
its taxonomic relationships.
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In their original description of the turtle, McCord et al. (2010) noted that Trachemys
iversoni (=T. v. iversoni) is a small turtle, known to reach lengths of 200 mm and is widest
(mediolateral) at the suture between marginals 7 and 8. The first vertebral is normally longer
(anteroposteriorly) than wide (mediolaterally), although it can sometimes be equal. Shell colors
are more pronounced and distinct in a hatchlings and juveniles. While young commonly have
yellow-orange ocelli surrounding solid black spots that are located posterocentrally on the
pleurals, adults have consistently wide pale orange ocelli that cover 25-33% of the
posterocentromedial dorsal surface of the pleurals. The primary pleural ocelli do not contact the
sutures of the vertebrals or marginals. Secondary ocelli are found on the anterior and lateral
portions of the pleurals. The primary vertebral markings are often symmetrically aligned
(parallel) with a median stripe. Marginals have dark areas that are focused on the intermarginal
sutures. Two light stripes are present on each bridge. The plastron of juveniles is mostly covered
by pattern of dark lines. Due to the extensive pattern covering the plastron, all but the anterior
20-25% of the gulars, the posterior 20-25% of the anals, and the lateral 20-25% of the humerals,
pectorals, abdominals, and femorals are covered, with a whirling pattern reaching the lateral
edges of the humeral/pectoral seams and sometimes the pectoral/abdominal seams. The lateral
whirling pattern on the humeral/pectoral seams is oriented posteriorly and lies primarily on the
pectoral. The plastral pattern reaches the posterior end of the median plastral seam in hatchlings,
juveniles, and adults. The plastral formula was said to be abdominal > anal > pectoral for the first
three scutes in 65% of individuals, and abdominal > anal > femoral in 35%. The postorbital
stripe contacts the orbit as a very thin stripe that expands to a dull orange patch posteriorly over
the tympanum. The orange stripe than narrows again as it reaches posteriorly down the neck as a
more moderate stripe. Another stripe on the head, considered the primary orbitocervical stripe, is
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two to three times the width of the postorbital stripe. Secondary stripes on the face are also quite
prominent and the mandibular stripe is isolated. Since the symphyseal stripe and paramedian
neck stripes do not connect, no ‘Y’-shaped mark is present. The symphyseal and median ventral
neck stripes are wider than the paramedian stripes. The iris is golden yellow. The mandibular
tomium (or outer cutting edge of the jaws) is finely serrated. The snout (anterodorsal of the head)
is rather blunt.

Trachemys nebulosa. Trachemys nebulosa, commonly known as the Baja California Slider, is
native to parts of Mexico and is currently thought to be comprised of two subspecies, T. n.
nebulosa and T. n. hiltoni (van Dijk et al., 2011). Bonin et al. (2006) stated that T. nebulosa
differs from T. scripta (which it was formally considered a subspecies of) due to the presence of
a yellow or orange stripe posterior to its eye that ends in an oval spot. It is noted that Bonin et al.
(2006) considered both subspecies of Trachemys gaigeae (T. g. gaigeae and T. g. hartwegi) to
represent subspecies of T. nebulosa instead. The two subspecies of T. callirostris were
considered subspecies of T. scripta by Ernst and Barbour (1989). With that being said, what the
authors stated about the whole species T. scripta (sensu lato) should apply to the current
understanding of the species T. callirostris as well. With that in mind, vertebral 1 is longer
(anteroposteriorly) than wide (mediolaterally) or at least as long as wide. Vertebrals 2-5 are
wider than long. The plastron has a slight anal notch posteriorly and the plastral formula is:
abdominal > anal > femoral >< gular >< pectoral > humeral. The snout (anterodorsal of head)
projects anteriorly and a ‘V’-shaped median notch is present in the upper jaws. There is
prefrontal arrow present where the stripes posterior to the eyes project dorsoanteriorly to meet
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the stripes above (dorsal to) the upper lips and snout. For further descriptions, see subspecies
below.
Trachemys nebulosa nebulosa. Chrysemys nebulosa, otherwise known as the Baja
California Slider, was named by van Denbaugh (1895). Similar to Trachemys gaigeae gaigeae
(discussed above), this turtle was transferred to Trachemys and is one of two subspecies within
its respective species (van Dijk et al., 2011). It is found in Mexico but only natively occurs in
Baja California.
Fritz et al. (2012) did not have Trachemys nebulosa in their molecular phylogenetic study,
which includes T. n. nebulosa.
Bonin et al. (2006) described Trachemys nebulosa nebulosa as larger of the subspecies,
reaching a maximum length of 370 mm (in females). The carapace has black spots that are
somewhat small with irregular light markings present. The plastron commonly is decorated with
a series of dark circles as well. Ernst and Barbour (1989) noted that T. n. nebulosa has an orange
or yellow postorbital stripe that does not reach the eye. The ocelli on the carapace may be quite
inconspicuous or completely lacking. The dark blotches on the plastron are commonly smudgelike and lie medially.
Trachemys nebulosa hiltoni. Pseudemys scripta hiltoni, otherwise known as the Fuerte
Slider, was named by Carr (1942). As was mentioned for its sister subspecies, T. n. nebulosa,
and for T. gaigeae hartwegi (mentioned above), this turtle was transferred to Trachemys, just like
all other turtles considered scripta or scripta-like (Rhodin et al., 2010). Trachemys n. hiltoni is
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also native to Mexico, but its range is further east across the Gulf of California (or Sea of Cortés)
in Sonora and Sinaloa).
As mentioned above, Fritz et al. (2012) did not mention either subspecies of Trachemys
nebulosa in their molecular phylogenetic study, including T. n. hiltoni.
Bonin et al. (2006) described Trachemys nebulosa hiltoni as reaching a maximum length
of 280 mm. The marginals have black circles on their dorsal and visceral surfaces. The plastron
has a centralized dark design encircling a lighter zone. Ernst and Barbour (1989) noted that the
orange stripe posterior to the eye in T. n. hiltoni is normally either isolated anteriorly and
posteriorly, or is connected posteriorly with a narrow orbital stripe. Black smudge-like spots are
present on the dorsal and visceral surfaces of the lateral and posterior marginals and some of the
pleurals. A large dark central splotch surrounding a narrow yellow medial region is present on
the plastron.

Trachemys ornata. Trachemys ornata, also known as the Ornate Slider, was formerly a
monotypic species. It was recently hypothesized by Fritz et al. (2012) that T. ornata contains
several subspecies, including T. o. ornata, T. o. callirostris, T. o. cataspila, T. o. chichiriviche, T.
o. venusta, and T. o. uhrigi. Under this new definition, the species is native to parts Mexico,
Central America (Belize, Guatemala, and Honduras), and South America (Colombia and
Venezuela) (van Dijk et al., 2011; Fritz et al., 2012).
Since this new grouping of taxa has subspecies and species of several different former
Trachemys species, the descriptions, or portions of the descriptions, of the former species T.
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ornata, T. callirostris, and T. venusta make up the new description of T. ornata. With that in
mind, T. ornata (sensu lato) can be described as a medium to large turtle with green to olive
colored carapace. A median keel is commonly present. The pleurals will commonly have dark
ocelli or splotches in the center to posterior-half. An anal notch is routinely present on the
plastron, although this can sometimes be somewhat inconspicuous. A conspicuous dark figure is
commonly present on the plastron and will often project slightly latitudinally along the plastral
seams. A rather large head is present, with a postorbital stripe that can range from yellow to
somewhat red in color and does not contact the orbit. Postorbital stripes are commonly rounded
anteriorly. The upper jaws usually possess a median notch.
The subspecies callirostris and chichiriviche, since they were formerly both in the species
T. callirostris, had been described by Bonin et al. (2006) as having a moderately domed carapace
with its dorsally highest point at vertebral 3 and reaching a maximum length of approximately
320 mm. The median keel of the carapace is only found on vertebrals 2-4 and becomes less
distinct with age. The posterior edge of the carapace is not serrated but instead is smooth or
sometimes slightly sinuous. Adults usually have some carapacial rugosity with longitudinal
wrinkles present on the pleurals. The carapace is normally green in color with yellow streaks on
the marginals and black spots on the vertebrals and pleurals. The plastron, similar to most other
Trachemys, is large with an anal notch. The plastron beneath the gulars is moderately thickened
and the posterior edges of the plastron are commonly fairly thick and slightly down-curved. The
head is rather large and rounded, with a less pronounced and blunt conical snout that is not
covered with scales. The jaws are finely denticulate and the upper jaw has a median notch. Color
patterns on the head are complex with a large somewhat red to ocher stripe or band posterior to
the eye. The postorbital stripe has parallel sides and rounded ends. Numerous yellow stripes are
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present elsewhere on the head, with the primary orbitocervical stripe being relatively wide and
broken. The eyes are normally light yellow to green with a horizontal dark bar, as is common in
Trachemys. The limbs have small smooth scales that project slightly and are green to off-green
with longitudinal yellow stripes normally found proximally. Females are commonly much larger
than males, with a more strongly domed carapace. Claw length is equal between the sexes, in
contrast to other Trachemys, along with flat plastra for both. Colors and patterns are commonly
more pronounced and brighter in juveniles and fade with age. The two subspecies of T.
callirostris were considered subspecies of T. scripta by Ernst and Barbour (1989). With that
being said, what the authors stated about the whole species T. scripta (sensu lato) should apply to
the current understanding of the species T. callirostris as well. With that in mind, vertebral 1 is
longer (anteroposteriorly) than wide (mediolaterally) or at least as long as wide. Vertebrals 2-5
are wider than long. The plastron has a slight anal notch posteriorly and the plastral formula is:
abdominal > anal > femoral >< gular >< pectoral > humeral. The snout (anterodorsal of head)
projects anteriorly and a ‘V’-shaped median notch is present in the upper jaws. There is
prefrontal arrow present where the stripes posterior to the eyes project dorsoanteriorly to meet
the stripes above (dorsal to) the upper lips and snout.
The subspecies cataspila, uhrigi, and venusta were formerly considered within the species
T. venusta. With that in mind, they were described, together with the other subspecies within T.
venusta, by Bonin et al. (2006) as a very large turtle, reaching a maximum length nearly 500
mm, very similar to T. scripta, which the subspecies were formerly considered. Ernst and
Barbour (1989) still considered subspecies of T. venusta to be a subspecies of T. scripta. With
that in mind, what the authors stated about the entire species T. scripta (sensu lato) should apply
to the current understanding of the species T. venusta as well. Keeping that in mind, vertebral 1
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is longer (anteroposteriorly) than wide (mediolaterally) or at least as long as wide. Vertebrals 2-5
are wider than long. The plastron has a slight anal notch posteriorly and the plastral formula is:
abdominal > anal > femoral >< gular >< pectoral > humeral. The snout (anterodorsal of head)
projects anteriorly and a ‘V’-shaped median notch is present in the upper jaws. There is
prefrontal arrow present where the stripes posterior to the eyes project dorsoanteriorly to meet
the stripes above (dorsal to) the upper lips and snout. The subspecies ornata, on the other hand,
was formerly part of a monotypic species, so its description is now listed within the subspecies T.
o .ornata.
These descriptions still apply, in part, to T. ornata (sensu lato) but are listed here for
completeness. For further descriptions, see subspecies below.
Trachemys ornata ornata. Emys ornata, commonly called the Ornate Slider, was named
by Gray (1830a) in Griffith and Pidgeon (1830). Many of the earlier named Trachemys taxa were
considered Emys in the nineteenth century (Rhodin et al., 2010). Trachemys ornata is native to
parts of western Mexico, including Sinoloa, Nayarit, Jalisco, and Guerrero.
Fritz et al. (2012), in their molecular phylogenetic study of Central and South American
Trachemys, found that T. ornata was part of a large polytypic group containing T. venusta
cataspila, T. v. venusta, T. v. uhrigi, T. callirostris chichiriviche, and T. callirostris callirostris.
The authors felt that all these groups should be grouped together in Trachemys ornata (Fritz et
al., 2012). It is of note that, of the five T. ornata specimens that Fritz et al. (2012) investigated,
two came out as the sister group to T. venusta venusta and T. v. uhrigi, while the other three
came out as the sister group to a group containing T. callirostris callirostris, T. c. chichiriviche,
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T. v. uhrigi, T. v. venusta, and two specimens of T. ornata. This means that T. ornata, at least in
the analysis by Fritz et al. (2012), is not monophyletic.
Bonin et al. (2006) described Trachemys ornata, formerly considered a subspecies of T.
scripta, as reaching a maximum length of approximately 380 mm. The carapace normally has
black ocelli in the center of the pleurals. An anal notch is present on the plastron, which has four
median stripes that end posteriorly before reaching the anal notch. It has a large head with an
orange stripe posterior to the eye and extending posteriorly on the neck. Trachemys ornata was
considered a subspecies of T. scripta by Ernst and Barbour (1989). With that being said, what the
authors stated about the whole species T. scripta (sensu lato) should apply to the current
understanding of the species T. ornata as well. Keeping that in mind, vertebral 1 is longer
(anteroposteriorly) than wide (mediolaterally) or at least as long as wide. Vertebrals 2-5 are
wider than long. The plastron has a slight anal notch posteriorly and the plastral formula is:
abdominal > anal > femoral >< gular >< pectoral > humeral. The snout (anterodorsal of head)
projects anteriorly and a ‘V’-shaped median notch is present in the upper jaws. There is
prefrontal arrow present where the stripes posterior to the eyes project dorsoanteriorly to meet
the stripes above (dorsal to) the upper lips and snout. The key features noted by Ernst and
Barbour (1989) for T. ornata were the same as noted by Bonin et al. (2006).
Trachemys ornata callirostris—Emys callirostris, commonly known as the Colombian
Slider, was named by Gray (1856). It is native to various areas of Colombia and Venezuela in
South America. It was transferred to the genus Trachemys and was recently classified as the
subspecies Trachemys callirostris callirostris (Rhodin et al., 2010).
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In the molecular phylogenetic study by Fritz et al. (2012), Trachemys callirostris
callirostris came out as the sister group to T. c. chichiriviche. These two species were part of a
larger group comprised of T. venusta venusta, T. v. uhrigi, T. ornata, and T. v. cataspila. Fritz et
al. (2012) combined these turtles under the polytypic species Trachemys ornata, with each
considered separate subspecies.
Bonin et al. (2006) described this subspecies as being the smaller of the two subspecies,
reaching a maximum length of approximately 250 mm and having pronounced ocelli on the
snout and chin. The postorbital stripe is quite red and lies well away from the eye (orbit).
Juveniles and younger adults tend to have a pattern of dark lines. Ernst and Barbour (1989) also
noted that Trachemys callirostris callirostris can be recognized by the large number of ocelli
present ventral to the snout and on the upper and lower jaws. The pattern of ocelli on the
carapace and dark lines covering most of the plastron are also important distinguishing features.
Trachemys ornata cataspila. Emys ventricosa was named by Gray (1856) but has been
considered a nomen suppressum. Emys (Clemmys) cataspila was named by Günther (1885) and
eventually became Trachemys venusta cataspila, with E. ventricosa considered synonymous
with T. v. cataspila (Rhodin et al., 2010). Trachemys v. cataspila, otherwise known as the
Huastecan Slider, is native to northeastern Mexico, in the states of Tamaulipas, Veracruz, and
San Luis Potosi (van Dijk et al., 2011).
Fritz et al. (2012), in their molecular phylogenetic study, included five of the six
subspecies of Trachemys venusta, only leaving T. v. iversoni out of their analysis. Trachemys v.
cataspila came out as the sister group to the larger group containing T. callirostris callisrostris,
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T. c. chichiriviche, T. v. uhrigi, T. v. venusta, and T. ornata which Fritz et al. (2012) considered
all members of Trachemys ornata.
Bonin et al. (2006), in their description of Trachemys venusta cataspila, described the
turtle as being quite small, with females reaching a maximum length of 330 mm and males 270
mm. The carapace has dark-centered ocelli on the pleurals and marginals. The orange-yellow
stripe posterior to the eye is quite wide. Older males can become melanistic and lose good
portions of their patterning. Ernst and Barbour (1989) also mentioned that T. v. cataspila was
very small, generally only reaching a length of 220 mm. The median plastral figure does not
extend posteriorly along the interanal seam to the rear of the anals.
Trachemys ornata chichiriviche. Pseudemys scripta chichiriviche, otherwise known as
the Venezuelan Slider, was named by Pritchard and Trebbau (1984). This slider is known only
from Venezuela but does not overlap with the range of T. c. callirostris in Venezuela, with the
former found in Carabobo, Falcón, and Yaracuy, while the latter is found only in Zulia. This is
similar to their findings for T. c. callirostris,
In the molecular phylogenetic study by Fritz et al. (2012), Trachemys callirostris
chichiriviche came out as the sister group to T. c. callirostris. These two species were part of a
larger group comprised of T. venusta venusta, T. v. uhrigi, T. ornata, and T. v. cataspila. Fritz et
al. (2012) combined these turtles under the polytypic species Trachemys ornata, with each
considered separate subspecies. It is of note that while T. c. chichiriviche and T. c. callirostris
grouping together could be interpreted as a species level group, they were the most derived of the
‘Trachemys ornata group’.
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Bonin et al. (2006) described this second subspecies as larger than T. c. callirostris,
reaching a maximum length of around 320 mm. Ocelli are present on the chin, but the upper jaw
has short yellow stripes with black around their edges instead. The postorbital stripe is dark red
with tapered ends and the anterior tip commonly reaches the eye (orbit).The plastral design is
relatively narrow and centered on the median seam. Carapace coloration usually ranges from
mostly olive-brown to dark brown. Ernst and Barbour (1989) noted that T. c. chichiriviche has a
distinct somewhat brown to red, wedge-shaped stripe posterior to the eye (although it is well
separated from the eye as well), oval to irregular black blotches on its pleurals, and a narrow
dark pattern along the plastral midseam.
Trachemys ornata uhrigi. Trachemys venusta uhrigi, otherwise known as Uhrig’s Slider,
was one of three subspecies of Trachemys venusta named by McCord et al. (2010). Trachemys
v. uhrigi is native to parts of Colombia (Antioquia and Chocó). Rhodin et al. (2010) mention that
the three subspecies named by McCord et al. (2010) were based mainly on soft-tissue
morphology, including patterns of the head and neck stripes, patterns of coloration on the
carapace and plastron, the plastral scute formulae, the maximum sizes, and geographic
distributions. They temporarily listed the three subspecies, including T. v. uhrigi, as distinct
subspecies of Trachemys venusta until a genetic analysis would be conducted (Rhodin et al.,
2010).
A molecular phylogenetic analysis was completed not long after this suggestion by Fritz et
al. (2012) which included five of the six recognized subspecies of Trachemys venusta, only
leaving T. v. iversoni out of their analysis. Trachemys v. uhrigi came out as the sister group to T.
v. venusta (Fritz et al., 2012). This group of T. v. venusta and T. v. uhrigi was part of the much
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larger group containing T. callirostris callirostris, T. c. chichiriviche, T. ornata, and T. v.
cataspila, which Fritz et al. (2012) considered to represent Trachemys ornata.
McCord et al. (2010), in their original description of Trachemys venusta uhrigi, noted that
this turtle reaches a maximum length of approximately 300 mm, with its widest points
(mediolaterally) at the sutures between marginals 7 and 8. On the carapace, consistently there are
thin, pale yellow to orange primary ocelli that lie posterocentrally on the pleurals and fill 25-50%
of the them. Each of the primary pleural ocelli has a normally solid black blotch centrally plus
two or three less prominent ocelli on the anterior and lateral portions of each of the scutes.
Vertebrals in adults display thin, irregular triangular to sub-triangular figures. Vertebral 1 is
wider (mediolateral) than long (anteroposteriorly). Marginals commonly bear dark areas
concentrated on the intermarginal sutures. Three to four lines adorn each of the bridges. In
hatchlings, the plastral pattern is a greatly expanded group of dark lines involving 90-95% of the
total plastron. All but 15-20% of the gulars, the posterior 10-20% of the anals, and the lateral
20% of the humerals, pectorals, abdominals, and femorals are covered with a whirling pattern
that reaches the lateral edges of the humeral/pectoral, abdominal/femoral, and femoral/anal
seams. The plastral pattern in adults tends to fade from the center laterally toward the lateral
edges, with remnants eventually only present on the gulars, humerals, and pectorals. The plastral
formula generally starts with abdominal > anal > femoral. The yellow postorbital stripe contacts
the orbit and is consistenly thin (dorsoventrally). The primary orbitocervical stripe is 25-50%
wider than the postorbital stripe, making it only narrowly wider, and the dominant head stripe.
The mandibular stripe is isolated. Since the symphyseal stripe and paramedian neck stripes do
not connect, no ‘Y’-shaped mark is present. The paramedian neck stripes are wider than the
median stripe. There is commonly a transverse yellow stripe connecting the two paramedian
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stripes on the dorsoventral portion of the neck forming an ‘H-like’ design. The iris is a bluishgreen. The mandibular tomium is either smooth or finely serrated.
Trachemys ornata venusta. Emys venusta, otherwise known as the Meso-American
Slider, was named by Gray (1856). This would eventually be named Trachemys venusta and then
made one of six subspecies within the species (van Dijk et al., 2011). The names Emys valida by
LeConte (1860) and Emys (Clemmys) salvini by Günther (1885) have both been considered
Trachemys venusta venusta by Rhodin et al. (2010). Trachemys v. venusta is native to eight
Central American counties, including Belize, Guatemala, and Honduras and several states in
southern Mexico, including Campeche, Chiapas, Oaxaca, Quintana Roo, Tabasco, Veracruz, and
Yucatán.
Fritz et al. (2012), in their molecular phylogenetic study, included five of the six
subspecies of Trachemys venusta, only leaving T. v. iversoni out of their analysis. Trachemys v.
venusta came out as the sister group to T. v. uhrigi. Both these taxa were part of a larger group
containing T. callirostris callirostris, T. c. chichiriviche, T. ornata, and T. v. cataspila, which
Fritz et al. (2012) considered all members of Trachemys ornata.
In their description of Trachemys venusta venusta, Bonin et al. (2006) noted that can
reach a maximum length of approximately 480 mm. The carapace has very large dark ocelli
found in the center of each pleural. The head has a large, wide orange-yellow stripe posterior to
its eye that always contacts the orbit (eye). Ernst and Barbour (1989) also mentioned that the
plastral pattern is extensive and follows the seams.
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Trachemys scripta. Testudo scripta was originally named by Thunberg (1792) in a study by
Schoepff (1792), although Thunberg is routinely not given credit for the name (Rhodin and Carr,
2009). The confusion of the name T. scripta, along with who named it and when it was
described, was discussed by Rhodin and Carr (2009). The type specimen was located by Rhodin
and Carr (2009) and thought to represent Trachemys scripta scripta (discussed below).
Trachemys scripta (sensu scricto) is native to parts of northeastern Mexico and the central and
western United States.
Bonin et al. (2006) described Trachemys scripta, taking into account T. scripta scripta, T.
s. elegans, and T. s. troostii, as turtle reaching a maximum length of 280 mm, with the males
commonly smaller (only approximately 250 mm maximum length). The carapace is oval in
shape, moderately domed, and denticulated at the rear. It is commonly olive to brown in color,
with mediolateral orange to yellow stripes on the pleurals. Rounded black markings are present
on the marginals. The bridge also has dark stripes and blotches present. The plastron is yellow
with dark, rounded spots on, at least, the gulars. Normally these dark blotches or ocelli are
present on each plastral scute. The head has a dark background, with a wide yellow, orange, or
red stripe posterior to the orbit, extending ventrally over the cheek and connecting to thick
yellow or orange blotches from the chin. As is relatively common in Trachemys, light marks and
stripes are found on its upper lip and continue ventroposteriorly over the chin and over the neck.
The background color of the skin is a brown to olive green to nearly black. The limbs also have
light yellow stripes running longitudinally. Males are commonly darker than females, and can be
almost black. The males have long claws on their second, third, and fourth digits and this is
commonly used as a way to distinguish the sexes. In the study by Ernst and Barbour (1989), the
authors had 14 different subspecies of T. scripta, which included species and subspecies that
183

have been moved to others since that time. Due to this, the description of Ernst and Barbour
(1989) was only used if it applied to all members that they considered Trachemys scripta.
Therefore, in T. scripta (with T. s. scripta, T. s. elegans, and T. s. troostii), vertebral 1 is longer
(anteroposteriorly) than wide (mediolaterally) or at least as long as wide. Vertebrals 2-5 are
wider than long. The plastron has a slight anal notch posteriorly and the plastral formula is:
abdominal > anal > femoral >< gular >< pectoral > humeral. The snout (anterodorsal of head) is
elongate, projects anteriorly, and a ‘V’-shaped median notch is present in the upper jaws. There
is prefrontal arrow present where the stripes posterior to the eyes project dorsoanteriorly to meet
the stripes above (dorsal to) the upper lips and snout. Ernst and Lovich (2009) discuss the
description of T. scripta as well, agreeing with previous descriptions and mentioning a maximum
length of approximately 300 mm. For further descriptions, see subspecies below.
Trachemys scripta scripta. Testudo scripta was named by Thunberg (1792) in Schoepff
(1792). A few other names have cropped up in the literature as well. Testudo serrata was named
by Daudin (1801), and both Emys occipitalis and Emys vitatta by Gray (1830b) in Griffith and
Pidgeon (1830). All are currently considered synonymous with Trachemys scripta scripta,
commonly known as the Yellow-bellied Slider (van Dijk et al., 2011). Trachemys s. scripta is
native to the southeastern United States, namely Alabama, Florida, Georgia, North Carolina,
South Carolina, and Virgina (van Dijk et al., 2011).
While the subspecies was a part of the study by Fritz et al. (2012), it did not come out as
monotypic. Fritz et al. (2012) had several specimens of Trachemys scripta scripta as part of their
study, and while two grouped together, a third grouped with T. s. elegans specimens. While this
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has no bearing on the species Trachemys scripta, it may have further implications for these two
subspecies, which were not monophyletic.
Trachemys scripta scripta, as described by Ersnt and Barbour (1989) and Bonin et al.
(2006), reaches a maximum length of approximately 270 mm and has a relatively wide yellow
band on its pleurals. It also has a yellow stripe posterior to its eye that may connect to a wide
yellow stripe ventrally on its chin. The plastron of T. s. scripta is yellow, which is why its
commonly called the Yellow-bellied Slider, with black spots or smudges on the gulars and,
occasionally, on the humerals and pectorals. Ernst and Lovich (2009) agreed with the above
observations.
Trachemys scripta elegans. Emys elegans was named by Wied (1839). This was the first
name usage for the turtle eventually known as Trachemys scripta elegans. Following this,
several other names were presented that would eventually be shown to be synonymous with T. s.
elegans (Rhodin et al., 2010). These included Emys holbrookii by Gray (1844), Emys
sanguinolenta by Gray (1856), and Trachemys lineata by Gray (1873). It became one of the
original members of Trachemys proposed by Agassiz (1857). Trachemys s. elegans is native to
Mexico (Nuevo Leon and Tamaulipas) and several states in the United States including
Alabama, Arkansas, Florida, Georgia, Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana,
Mississippi, Missouri, Nebraska, New Mexico, Ohio, Oklahoma, Tennessee, Texas, and West
Virginia (van Dijk et al., 2011).
The Red-eared Slider is quite common on the pet trade, and this had led to its introduction
around the world. It has currently been introduced to at least 69 other countries and other regions
of the United States and Mexico (see Rhodin et al., 2010, for full list). As noted above, Fritz et
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al. (2012) did have T. s. elegans in their molecular phylogenetic study. Fritz et al. (2012) had
specimens of Trachemys scripta elegans from both the southeast and introduced specimens from
the Rio Grande region. While these grouped together, a specimen of T. s. scripta also came out
as part of this group. As stated above, while this has no bearing on the species Trachemys
scripta, it may have further implications for these two subspecies, which were not monophyletic.
Trachemys scripta elegans, as described by Ernst and Barbour (1989) and Bonin et al.
(2006), reaches a maximum length of approximately 280 mm and a relatively wide red stripe
posterior to its eye, which is why it is commonly called the Red-eared Slider. There are narrow
yellow stripes on its chin and mediolateral yellow bands on the pleurals. The plastron of T. s.
elegans is more extensively marked with dark spots and smudges than in T. s. scripta or T. s.
troostii, with these spots being entirely dark and sometimes extending from one plastral scute to
another. Ernst and Lovich (2009) noted that commonly a single, large dark blotch or ocellus is
present on each plastral scute.
Trachemys scripta troostii. Emys troosti was named by Holbrook (1836), while Emys
cumberlandensis was named by Holbrook (1840) only a few years later. Agassiz (1857) grouped
these, together with Testudo scabra and Emys elegans as the original members of his proposed
genus Trachemys. Both names by Holbrook were synonymized as Trachemys scripta troostii,
commonly known as the Cumberland Slider (van Dijk et al., 2011). It is native to a few states in
the United States, namely Alabama, Kemtucky, North Carolina, Tennessee, and Virginia.
While Fritz et al. (2012) did have Trachemys scripta scripta and T. s. elegans, they did not
have the less well-known T. s. troostii as part of their analysis.
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Trachemys scripta troostii, as described by Ernst and Barbour (1989) and Bonin et al.
(2006), reaches a maximum length of approximately 210 mm with a yellow to pale orange stripe
posterior to its eye. The stripes ventrally on the chin are wider in T. s. troostii than T. s. elegans.
The mediolateral yellow bands of the pleurals present in other T. scripta subspecies are also
present in T. s. troostii. The plastral scutes have dark blotches as well, although the center of
these blotches is relatively light, rather than the entirely dark spots present in T. s. elegans. Ernst
and Lovich (2009) noted that T. s. troostii also has a dark ocellus on each plastral scute.

Trachemys stejnegeri. Trachemys stejnegeri, commonly known as the Central Antillean Slider,
is native to the Dominican Republic, Haiti, Puerto Rico, and parts of the Bahamas and is
currently thought to be comprised of three subspecies, T. s. stejnegeri, T. s. malonei, and T. s.
vicina (van Dijk et al., 2011). Bonin et al. (2006) described T. stejnegeri as a turtle with a
moderately domed shell and reaching a maximum length of approximately 240 mm. The
carapace is adorned with numerous conspicuous wrinkles or rugosity. The vertebrals are wider
(mediolaterally) than long (anteroposteriorly). The color of the carapace ranges from gray to
brown but can occasionally be olive or black as well. Melanism may be present in older males.
Faded, olive-colored ocelli may be present on the visceral surface of the marginals. The plastron
is large, usually completely yellow, with a small anal notch. Sometimes, however, there is a
network of black lines or stripes that follow the plastral seams. The head is rather short, and the
snout can be either blunt or somewhat pointed (anterodorsal portion of head). The postorbital
stripe is usually red-brown. The upper jaw has a shallow, median notch. The head, neck, and
limbs are normally grayish to olive for the background with yellow or cream stripes. Younger
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individuals tend to exhibit yellow stripes on most carapacial scutes. Ernst and Barbour (1989)
also noted that the carapace is oval with its widest (mediolateral) point located roughly midway
through back the carapace or just posterior to that midway point. The carapace is serrated
posteriorly with a low, blunt, median keel. The plastral formula is abdominal > anal > < pectoral
> < gular > < femoral > humeral. As is common with other Trachemys, males tend to be smaller,
with longer, thicker tails with the cloacal vent posterior to the rim of the carapace, while females
tend to be larger with shorter tails and a cloacal vent under the carapace. Ernst and Barbour
(1989) noted that the three subspecies were rather poorly differentiated. For further descriptions,
see subspecies below.
Trachemys stejnegeri stejnegeri. Emys olivacea was named by Gray (1856). Pseudemys
stejnegeri was named 72 years later by Schmidt (1928). Both are now considered to represent
Trachemys stejnegeri stejnegeri, with E. olivacea being listed as a junior homynym (Rhodin et
al., 2010). Trachemys s. stejnegeri, also known as the Puerto Rican Slider, is only native to
Puerto Rico. It is usually considered one of the three subspecies of Trachemys stejnegeri, along
with T. s. malonei and T. s. vicina (Rhodin et al., 2010).
Fritz et al. (2012), in their molecular phylogenetic study, did not include any of the known
or accepted subspecies of Trachemys stejnegeri, including T. s. stejnegeri.
Bonin et al. (2006) described Trachemys stejnegeri stejnegeri as having brown to olivebrown skin. The snout is pointed and rather elongate. A central plastral figure extends along the
sutures toward the lateral edges. This figure is especially prevelant on the gulars but is less
prominent toward the posterior of the plastron. Ernst and Barbour (1989) noted that T. s.
stejnegeri has an elongated and moderately domed carapace.
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Trachemys stejnegeri malonei. Pseudemys malonei was named by Barbour and Carr
(1938). It was eventually transferred to Trachemys stejnegeri as a subspecies. Trachemys s.
malonei, also known as the Inagua Slider, is native only to the southernmost district of the
Bahamas, Inagua (van Dijk et al., 2011). As noted above, it is considered one of three valid
subspecies of Trachemys stejnegeri.
Fritz et al. (2012), as noted above, in their molecular phylogenetic study, did not include
any of the known or accepted subspecies of Trachemys stejnegeri, including T. s. malonei.
Bonin et al. (2006) described Trachemys stejnegeri malonei as having gray to olive skin
with a somewhat rounded to blunt snout. The plastron is usually completely yellow with no dark
patterns or figures. If a dark pattern is present, it will follow the plastral sutures but remain rather
discreet, with it sometimes being present as a few dark markings on the gulars. Ernst and
Barbour (1989) also noted that T. s. malonei has a highly domed, elliptical to oval carapace with
its widest (mediolateral) point at or near its midpoint (center).
Trachemys stejnegeri vicina. Pseudemys vicina was named by Barbour and Carr (1940),
along with several other species of Pseudemys (=Trachemys). It was also transferred to
Trachemys stejnegeri as a subspecies, similar to what was done for T. s. malonei. Trachemys s.
vicina, also known as the Dominican Slider, is native to the Dominican Republic and Haiti (van
Dijk et al., 2011). As noted above, it is considered one of three valid subspecies of Trachemys
stejnegeri.
Fritz et al. (2012), as noted above, in their molecular phylogenetic study, did not include
any of the known or accepted subspecies of Trachemys stejnegeri, including T. s. vicina.
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Bonin et al. (2006) described Trachemys stejnegeri vicina as having olive-gray skin and a
long and somewhat pointed snout. Carapacial scutes will often bear ocelli. The design on the
plastron is quite prominent and especially well marked posteriorly, where it tends to follow the
seams. Ernst and Barbour (1989) also noted that T. s. vicina has an elongated and moderately
domed carapace. There are sometimes additional ocelli present on each of the plastral scutes.

Trachemys taylori. Pseudemys scripta taylori, commonly known as the Cuatro Cienegas Slider,
was named by Legler (1960). It was eventually considered a distinct species of Trachemys
(Rhodin et al., 2010). Trachemys taylori is only native to Coahuila in Mexico and is thought to
be a monotypic species.
Fritz et al. (2012), in their molecular phylogenetic study, did not include Trachemys
taylori and, as such, did not further investigate its phylogenetic relationships.
Bonin et al. (2006), in their description of Trachemys taylori, described the turtle as
similar to T. scripta (which it was formerly considered a subspecies of). It is a small turtle,
reaching a maximum length of approximately 220 mm, with green to olive-green carapace that
can be quite light with numerous dark elongate spots and ovals. The plastron is commonly
cream-colored. On the head there is red stripe posterior to the eye that extends toward the base of
the neck. The head and limbs normally have a green to olive green colored background with
many light colored, commonly yellow, stripes running longitudinally. Ernst and Barbour (1989)
still considered it to be a subspecies of T. scripta. With that in mind, what the authors stated
about the whole species T. scripta (sensu lato) should apply to the current understanding of the
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species T. taylori as well. Keeping that in mind, vertebral 1 is longer (anteroposteriorly) than
wide (mediolaterally) or at least as long as wide. Vertebrals 2-5 are wider than long. The plastron
has a slight anal notch posteriorly and the plastral formula is: abdominal > anal > femoral ><
gular >< pectoral > humeral. The snout (anterodorsal of head) projects anteriorly and a ‘V’shaped median notch is present in the upper jaws. There is prefrontal arrow present where the
stripes posterior to the eyes project dorsoanteriorly to meet the stripes above (dorsal to) the upper
lips and snout. Ernst and Barbour (1989), in connection to T. taylori in particular, noted that the
red postorbital stripe terminates abruptly on the neck posterior to a dorsoventral expansion of the
stripe. A black plastral pattern is present and connected with other darkened or black portions of
the plastron. The carapace has many small, scattered, elongate or ovoid dark spots adorning it.
The midline suture between the pectorals is anteroposteriorly longer than that between the gulars.

Trachemys terrapin. Trachemys terrapen, commonly known as the Jamaican Slider, has a
somewhat tumultuous history. Testudo terrapen, named by Lacépède (1788), has been
considered a nomen rejectum (Rhodin et al., 2010). Several other names are also considered
synonymous with Trachemys terrapin. Testudo terrapen was named by Bonnaterre (1789).
Testudo palustris by Gmelin (1789) and Testudo fasciata by Suckow (1798) are both considered
senior homonyms. Testudo rugosa by Shaw (1802) is considered partim a nomen dubium and
junior homonym. Emys rugosa livida was named by Gray (1831). Finally, Pseudemys felis was
named by Barbour (1935). All these are considered synonymous with Trachemys terrapen
(Rhodin et al., 2010). Trachemys terrapen is native to Jamaica and Cat Island in the Bahamas,
although this occurrence is considered a potential prehistoric introduction (van Dijk et al., 2011).
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Fritz et al. (2012), in their molecular phylogenetic study, did not include Trachemys
terrapen and, as such, did not further investigate its phylogenetic relationships.
Bonin et al. (2006) described Trachemys terrapen as a having an oval, slightly domed
carapace, with its widest (mediolateral) point posteriorly, and reaching a maximum length of
approximately 320 mm. It has a well-developed median keel and the posterior margin is serrated.
The carapacial scutes have extensive, pronounced rugosity that radiate from the center to the
outer edges and the entire scutes are normally rough. The general carapace color is dark grey to
olive-beize. In younger individuals, there is a yellow stripe on each pleural and each marginal,
although these will fade and can disappear with age. The plastron is wider (mediolaterally)
posteriorly, and a small anal notch is present. The plastron tends to be yellow or cream colored
with no dark figures or patterns, although traces of dark lines can sometimes be found along the
sseams, especially on the gulars and humerals. The head is moderately sized with a short,
rounded, and blunt snout. The upper jaw has a small median notch. Head coloration tends to be
gray to greenish with light stripes that can be quite inconspicuous and hard to distinguish. The
chin commonly has several white to cream stripes present, as well as a wider stripe that extends
from the snout to form a white to off-white ‘mustache’ on the upper lip. Younger individuals
have yellow stripes with black borders on their head, neck, limbs, and tail. Adults and older
individuals tend to have limbs and their tail be a gray to green color, with the forelimbs having
more conspicuous stripes. Ernst and Barbour (1989) also noted that the carapace of T. terrapen
can be oval to elliptical, and the posterior peripherals, while being serrated, are also flared. The
rugosity on the carapace tends to be oriented in longitudinal rows. Vertebrals 1 and 5 are wider
(mediolaterally) than long (anteroposteriorly), while vertebrals 2-4 are roughly equal in width
and length. The plastral formula is abdominal > anal > pectoral > < gular > femoral > humeral.
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The ridge of the triturating surface of the upper jaw is low. As is common with Trachemys,
males tend to be smaller than females, with longer, thicker tails, and longer claws on their
forelimbs.

Trachemys yaquia. Pseudemys scripta yaquia, commonly known as the Yaqui Slider, was
named by Legler and Webb (1970). As was the case with other turtles named as “Pseudemys
scripta”, it was transferred to Trachemys, although not to the species T. scripta (van Dijk et al.,
2011). Trachemys yaquia is only native to the northern Mexican states of Chihuahua and Sonora.
Fritz et al. (2012), in their molecular phylogenetic study, did not include Trachemys
yaquia and, as such, did not further investigate its phylogenetic relationships.
In their description of Trachemys yaquia, Bonin et al. (2006) noted that it was very close
in form to T. scripta, which it was once thought to be a subspecies of. Females, which can be
larger than males, can reach a maximum length of approximately 320 mm. The pleurals are
adorned with faint ocelli. The postorbital stripe on the head, which is orange-yellow in color,
starts behind (posterior to) the eye and does not extend posteriorly far onto the neck. The lateral
sides of the head and neck have a number of fine white to cream-colored stripes. Ernst and
Barbour (1989) still considered T. yaquia to be a subspecies of T. scripta. With that in mind,
what the authors stated about the entire species T. scripta (sensu lato) should apply to the current
understanding of T. yaquia as well. Keeping that in mind, vertebral 1 is longer
(anteroposteriorly) than wide (mediolaterally) or at least as long as wide. Vertebrals 2-5 are
wider than long. The plastron has a slight anal notch posteriorly and the plastral formula is:
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abdominal > anal > femoral >< gular >< pectoral > humeral. The snout (anterodorsal of head)
projects anteriorly and a ‘V’-shaped median notch is present in the upper jaws. There is
prefrontal arrow present where the stripes posterior to the eyes project dorsoanteriorly to meet
the stripes above (dorsal to) the upper lips and snout. Ernst and Barbour (1989) also mentioned
that the ocelli on the pleurals are poorly defined with jagged black centers. The median plastral
design is extensive but becomes faded with age. The yellowish orange postorbital stripe was only
moderately expanded.

Discussion of Previous Studies of Fossil Trachemys
Fossil Trachemys are grouped below based on stratigraphic occurrence and when they
were named. Pleistocene species are discussed first, followed by the Pliocene, Miocene, and
finally the Eocene. Within each subset, species are then listed by when they were named, with
the oldest named discussed first. Since some of the stratigraphic occurrences are less certain,
they are placed temporally where they are currently considered to occur.
Pleistocene Trachemys
Trachemys euglypha. Emys euglypha was named by Leidy (1889a) on the basis of a nuchal. The
specimen was recovered from the Peace Creek Beds in Marion County, Florida. Leidy (1889a)
did little description when he erected this taxon, other than to state that it was strongly
sculptured, different from modern specimens he had seen, and provided several measurements of
the specimen. Leidy (1889b) would later re-introduce this new species and, although the only
new information added was a few more measurements, he did figure the holotype specimen as
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well (Leidy, 1889b:plate IV.1). Hay (1908) mentioned that the specimen belonged to the
“Wagner Free Institute, Philadelphia” at the time of his study, but he had been unable to locate it
there. No specimen number has been provided, and the holotype specimen has not been found.
Hay (1908) did refer another nuchal to the taxon though, presumably based on similarities to the
figure from Leidy (1889b:plate IV.1), and assigned it to the genus Trachemys. Hay (1916) would
eventually refer a third nuchal to T. euglypha, as well as come to the conclusion that the strata
the taxon was recovered from was of Pleistocene age.
Weaver and Robertson (1967), in their review of previous studies on fossil Trachemys,
briefly mentioned T. euglypha. They came to the conclusion that T. euglypha was part of a
single, widespread Pleistocene subspecies of Trachemys scripta, which they called T. s. petrolei.
Jackson (1988) reviewed the conclusions of Weaver and Robertson (1967) but did not
completely agree. Jackson (1988) felt that the recognition of subspecies of Trachemys scripta in
the Pleistocene was unwarranted. He felt that variation and overlap in the size and rugosity of
Pleistocene and modern forms was concerning, and it is of note that these were the two main
differences noted by Weaver and Robertson (1967) in their study. Jackson (1988) also mentioned
that features such as temporal variance in shell thickness and the possibility that more than one
geographic race can currently occupy a single purported range were of concern. While T.
euglypha was found in Florida, several of the other fossil species that Weaver and Robertson
(1967) synonymized (discussed below), were found in Florida, and this was a large enough
geographic range for multiple species or subspecies to be present. Jackson (1988) also took note
that many modern subspecies of Trachemys scripta are defined by color pattern and nonosteological characters (Carr, 1952). Direct comparison of fossil species with the modern ones is,
therefore, not possible. The use of subspecies designations with fossil taxa is a somewhat
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contentious one anyway due, in large part, to the point Jackson (1988) brought up on how
modern subspecies are defined and distinguished. He removed the subspecific designation, and
considered all Pleistocene Trachemys to represent T. scripta. Seidel and Jackson (1990) agreed
with the assessment of Jackson (1988), although they imply that Pleistocene T. scripta are
confined to North America (United States).

Trachemys sculpta. The taxon Trachemys sculpta was erected by Hay (1908) based on a
“strongly sculpted” nuchal. While Hay (1908) felt that the nuchal resembled that of T. bisornata,
and may even represent that species, he did conclude that differences in the element’s
morphology, sculpturing, and biostratigraphic level made it distinct. The type specimen was
believed to derive from the Peace Creek beds of Hillsborough County, Florida. While Hay
(1908) thought that the specimen “probably” came from the Peace Creek beds, he also felt that
the beds were Pliocene in age. Auffenberg (1963) found that the Peace Creek beds contained a
Pleistocene fauna, inferring that T. sculpta is probably of Pleistocene age as well.
Hay (1908) felt that T. sculpta differed from T. bisornata based on a narrower anterior
border of the nuchal, a shallower anterior notch, an obtuse angle to the anterior of the nuchal
(versus acute in T. bisornata). He also mentions that the lateroanterior edges of the nuchal, which
would be covered by the marginals, are quite wide (mediolaterally) and nearly one-half the width
of the anterior edge of the first vertebral, while this same feature is less than one-third in T.
bisornata (Hay, 1908). Hay (1908) mentioned that the area of the nuchal under the first
marginals was sculptured with prominent ridges and grooves. This was distinct from T.
euglypha, which had far less pronounced ridges and grooves, although its presumed lines of
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growth were more prominent and where the ridges and grooves were present, they deviated at a
greater angle from the midline (Hay, 1908). He also compares it to T. euglypha, and mentions
that T. sculpta, but mentions that the nuchal of T. euglypha is broader, shorter, thicker, more
deeply notched and has a broader “excavation” for the first neural (Hay, 1908).
Hay (1916) would later refer additional specimens to T. sculpta. These included
specimens from Pleistocene deposits in Hillsborough, Lee, and St. Lucie counties in Florida.
While he did refer these specimens to T. sculpta, he also mentioned that one of the specimens
(UF 7102) was an incomplete nuchal from Lee county that differed from the type in a few ways,
including a generally larger size (Hay, 1916). Weaver and Robertson (1967) mentioned these
reports and incorrectly stated that it was the Lee County nuchal that differed from the type of T.
sculpta in larger size and less pronounced ridges and grooves under the first marginals. Hay
(1916) did use that description, but it was for the incomplete nuchal from Vero in St. Lucie
County instead.
Gilmore (1930) described additional T. sculpta material, a nearly complete carapace and
plastron from near Melbourne in Brevard County, Florida. He referred the specimen (USNM
11839) to T. sculpta based on morphological similarities of the nuchals and with distal expansion
of costals 3 and 5 and the distal constriction of costals 4 and 6 (Gilmore, 1930). Gilmore (1930)
compared this to more recent specimens of Trachemys and decided that the distal end of the
costals was essentially equal in modern specimens. It is of note that Weaver and Robertson
(1967) discussed this distal expansion and constriction but referred to the pleurals instead of the
costals. The authors looked at modern specimens of T. scripta, Pseudemys nelsoni, P. floridana,
and Graptemys barbouri and concluded that this expansion and constriction were relatively
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common features. It appears that Weaver and Robertson (1967) were still referring directly to the
skeletal elements and not the scutes, so both studies were referring to the same elements, using
different wording. Calling the bones costals instead of pleurals (as in Gilmore, 1930) is accepted
here.
Weaver and Robertson (1967), as discussed elsewhere, felt that T. sculpta was
representative of a single species of Pleistocene Trachemys and considered it a junior synonym
of Trachemys scripta petrolei. Jackson (1988) and Seidel and Jackson (1990) agreed but referred
it to T. scripta rather than giving it a subspecific placement.

Trachemys jarmani. A complete nuchal was collected from Hillsborough County in Florida and
was provisionally referred to Trachemys by Hay (1908). This specimen became the type of T.
jarmani. The exact stratigraphic level was not known, but Hay (1908) felt that is was probably
the same as the Peace Creek beds, which would place it very close stratigraphically and
geographically to T. sculpta. Hay (1908) remarked on the pronounced shortness of the posterior
portion (under the first vertebral scute) and broad nature of the element. It was also mentioned
that the sculpturing of the nuchal resembled that of Deirochelys floridana, although the former
was considered too thick to represent the latter.
Weaver and Robertson (1967) mentioned that Hay (1908) had suggested that the nuchal
of T. jarmani may be referable to Deirochelys. While the sculpturing of T. jarmani was said to
resemble that of D. floridana, nowhere does Hay (1908) state that it may be referable to
Deirochelys. Still, Weaver and Robertson (1967) referred T. jarmani to Deirochelys. They also
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tentatively referred it to D. reticularia based on the nearly flat and unsculptured dorsal surface of
the nuchal, coupled with the “fine rugose lines” commonly found on the carapace of Deirochelys
(Weaver and Robertson, 1967). Weaver and Robertson (1967) also stated that Jackson (1964)
had referred T. jarmani to Deirochelys, but he actually felt that it was referable to Chrysemys sp.
(Jackson, 1974).
While it was not discussed by Weaver and Robertson (1967), the authors seemed to be
aware that Hay (1908) had erred in his original description. While Hay (1908) had mentioned
that T. jarmani was based on a complete nuchal, this cannot be the case. Hay (1908) mentioned
that the nuchal was very short posteriorly. The element, as seen in Hay’s figure (1908, plate 54,
fig. 10) is incomplete and most of the portion of the nuchal under the first vertebral is not
present. This gives the nuchal a very short and broad appearance, although this is not actually the
case. Jackson (1978a) discussed T. jarmani in greater detail. Through comparisons, he concluded
that it should actually be referred to Pseudemys nelsoni (Jackson, 1978a). This referral was based
on similarity of the shape, sculpturing, and scutellation of the nuchals.

Trachemys petrolei. Emys petrolei was named by Leidy (1868) in a single sentence, where he
felt it was similar to “Emys scabra” and probably a member of Agassiz’s (1857) Trachemys,
which he considered a subgenus. He further commented on the taxon in 1873, when he
mentioned specimens of the taxon were collected from Hardin County, Texas (Leidy, 1873). Hay
(1908) further commented on the taxon, stating the age of the strata it was recovered from was
Pleistocene and referring the species to Trachemys.
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While AMNH 3933 contains various shell fragments, Hay (1908) felt that the type
specimens of T. petrolei should be the two epiplastra that Leidy (1873) figured. While these two
specimens represent a left and right epiplastron, the specimens clearly come from two separate
individuals. The geometry of the two epiplastra is different, along with both specimens appearing
to have different preservations. Along with the two epiplastra, a number of other shell elements
and shell fragments are present with AMNH 3933, including at least two nuchals, further
signifying the fact that multiple individuals are present in AMNH 3933. The other shell elements
and fragments were thought to belong to members of the same species by Leidy (1873), although
this can not be declared with certainty. Hay (1908) mentioned that the ventral width of the
nuchal of T. petrolei could be used to distinguish it from modern T. scripta.
Weaver and Robertson (1967) reviewed T. petrolei and concluded that it was
synonymous with T. scripta. They did not, however, comment on the ventral width of the nuchal
that Hay (1908) used to distinguish it modern T. scripta, other than to mention what he had
noted. The presumption is that Weaver and Robertson (1967) felt the difference noted by Hay
(1908) was not enough for specific distinction. Due to ICZN rules, when Weaver and Robertson
(1967) synonymized several species of Pleistocene Trachemys, they used the name T. s. petrolei.
See further notes discussing the subspecific synonymizes above.
Hay (1908) also compared T. petrolei to T. bisornata (discussed below). He felt that both
taxa were quite similar and suggested that they may represent the same taxon. Hay (1908) was
hesitant to synonymize the two taxa though, without further specimens or data.
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Trachemys bisornata. Pseudemys bisornatus was named by Cope (1878b) based on portions of
three individuals collected from the “Equus beds” in Atascosa County, Texas. Hay (1908) found
that while the beds were stated by Cope (1878b) to be of Pliocene age, they are actually from the
Pleistocene. Cope (1878b) mentioned that the carapace of P. bisornatus would have been rather
flattened (dorsoventrally) and that there was no (or at least a rather subdued) median or lateral
keels present. Hay (1908) investigated this taxon farther and placed it in Trachemys as T.
bisornata.
Hay (1908) located a specimen he considered to be one of the three mentioned by Cope
(1878b) in the collections of the Philadelphia Academy of Sciences in Philadelphia,
Pennsylvania, potentially being the type or a paratype. He conducted a more thorough
description of the specimen he had found and agreed with Cope (1878b) on the majority of the
observations for T. bisornata (Hay, 1908). He conducted comparisons of the specimen with that
of T. sculpta, T. petrolei, and modern specimens of T. scripta and T. elegans. Hay (1908)
distinguished T. bisornata from the others based on an overall thicker and more strongly
sculptured carapace and a poorly defined (or missing) median dorsal keel.
Weaver and Robertson (1967) in their review of part of the fossil history of Trachemys,
placed T. bisornata in synonymy with several of the other named Pleistocene Trachemys species
and considered it T. scripta petrolei. Preston (1966, 1971) further split the fossil species, creating
T. s. bisornata, and defined it to include all T. s. elegans-like turtles from Irvingtonian deposits
in both Florida and Texas. Jackson (1988) and Seidel and Jackson (1990) felt that subspecies in
the fossil record, at least in regard to Pleistocene Trachemys specimens, was uncalled for, and
placed T. bisornata as a junior synonym of T. scripta.
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Trachemys trulla. Hay (1908) named Trachemys trulla from AMNH 3934, and it is represented
by portions of the left and right epiplastra, a complete (or nearly complete) left hyoplastron, an
incomplete left hypoplastron, and an incomplete right xiphiplastron. Due to the fact that the
specimen had accompanied the type of Emys (=Trachemys) petrolei, Hay (1908) felt it must have
been collected from the same locality, which meant it was from the Pleistocene of Hardin
County, Texas and, presumably, also the “Equus beds.” Hay (1908) was also unsure of its
generic affinities, although he did not seem to question its referral to Trachemys the same way he
did with T. jarmani. He assigned the species to Trachemys mainly because the elements present
resembled those of extant T. elegans already present in the region.
It seems tenuous to presume that T. trulla and T. petrolei came from the same strata even
though they were shipped together to Cope. Quite often specimens were packaged together and it
has been found that many of Cope’s specimens were not well constrained stratigraphically (see
other sections in Hay, 1908). Similarities between the epiplastra of T. trulla and T. elegans
(noted by Hay 1908; Weaver and Robertson, 1967) also seem like a tenuous basis to refer the
species to the genus Trachemys. Weaver and Robertson (1967) synonymized the species with the
other Pleistocene Trachemys species as T. s. petrolei. Jackson (1988) and Seidel and Jackson
(1990) maintained all Pleistocene Trachemys as T. scripta and did not recognize different
subspecies.

Trachemys delicata. Trachemys delicata was named by Hay (1916) on the basis of a nearly
complete right fourth costal (USNM 8823, formerly No. 3738 of the Florida Geological Survey)
collected near La Belle in Lee County, Florida. While Hay (1916) thought the deposit the
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specimen had been collected from to be of Pliocene age, others (Dunbar, 1958; Weaver and
Robertson, 1967) believe it is probably Pleistocene instead. The specimen is covered by what
Hay (1916) noted as a pattern of low and sharp ridges that he considered more delicate than
Recent T. scripta. He questionably referred the genus to Trachemys due to similarities with
Pseudemys as well.
Weaver and Robertson (1967) noted that sculpturing on the costals (they called them
pleurals) is quite variable in these turtles, namely Trachemys and Pseudemys. The authors also
note that the sculpturing found on T. delicata was also found on the costals of Recent and fossil
specimens of T. scripta, P. floridana, P. nelson, and Deirochelys reticularia (Weaver and
Robertson, 1967), and synonymized it with the other Pleistocene Trachemys species as T. s.
petrolei. Jackson (1988) and Seidel and Jackson (1990) agreed with the synonymy of Weaver
and Robertson (1967) but considered them all to be T. scripta rather than to the subspecific level.

Trachemys nuchocarinata. Trachemys nuchocarinata was named by Hay (1916) based on the
anterior portion of a nuchal (USNM 8830, formerly No. 4437 of the collection of the Florida
Geological Survey) collected on the Florida Coast Line Canal about 20 miles north of St.
Augustine, Florida. The deposit from which the specimen was collected was thought to be of
Pleistocene age (Hay, 1916).
Although the specimen is only the anterior part of a nuchal, Hay (1916) felt that it was
quite distinct and would not be confused with the nuchals of any other turtle. He keyed in on the
narrow nuchal scute dorsally (which was wider on the ventral surface) and the medioanteriorly203

projecting first vertebral. Also of note is the fact that there is no anteromedial projection of the
nuchal (beneath the nuchal scute), which Hay (1916) also notes as being an acute anterior border,
and that the anterolateral sulci between the first vertebral and the first pleurals is flat
anteroposteriorly) and not curved.
Auffenberg (1958) discussed Trachemys nuchocarinata is his review of fossil Terrapene
from Florida. He states that two of the key features noted by Hay (1916), the small nuchal scute
and large median keel are characteristic of Terrapene (Auffenberg, 1958). The type of
Trachemys nuchocarinata represents a rather large turtle, and is why Auffenberg (1958) felt that
Hay (1916) neglected to really compare the specimen to those of Terrapene. Still, Auffenberg
(1958) found that in specimens of Terrapene carolina putnami or large specimens of T. c.
carolina or T. c. major. Due to this, Auffenberg (1958) synonymized Trachemys nuchocarinata
with Terrapene carolina putnami. Subsequent authors (Weaver and Robertson, 1967; Jackson,
1988; Seidel and Jackson, 1990) have agreed with this assessment.
Pliocene Trachemys
Trachemys idahoensis. Pseudemys idahoensis was named by Gilmore (1933) based on a nearly
complete carapace and plastron, skull, lower jaws, hyoid arch, pectoral girdle, pelvic girdle, 11
caudal vertebrae, incomplete humerus, femora, tibia, and the majority of a pes (USNM 12059).
A paratype was also collected and mentioned by Gilmore (1933) consisting of a nearly complete
carapace and plastron (USNM 12060). The specimens were collected from the Pliocene Glenns
Ferry Formation in the Hagerman lake beds (=Plesippus Quarry) near Hagerman, Gooding
County, southwestern Idaho (Gilmore, 1933; Jackson, 1988).
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Gilmore (1933) was uncertain of the generic affinities of P. idahoensis but believed it to
be Pseudemys based on the skull and the generic descriptions presented by Hay (1908). Jackson
(1988) stated that the description of the lower jaw of Trachemys put forth by Hay (1908) was
misleading. This led Gilmore (1933) to believe that P. idahoensis could not belong to Trachemys
and must belong to Pseudemys, even though the species and the presumed genus disagreed in
several regards. Gilmore (1933) stated that P. idahoensis differed from P. rubriventris in
possessing broader pterygoids and a less pronounced median alveolar ridge with finer
denticulations. As stated by Jackson (1988), these are diagnostic features of Trachemys. P.
idahoensis possesses relatively strongly notched posterior peripherals, which Rose and Weaver
(1967) noted, but till felt that it was most similar to P. rubriventris. Zug (1969) briefly discusses
the taxon, and mentioned that features of the crania and its geographic distribution were more
similar to T. scripta than to P. rubriventris.
Jackson (1988) conducted a thorough review of P. idahoensis, including a review of the
literature to that point and an in-depth discussion of the taxon. Authors prior to Jackson (1988)
associated P. idahoensis with Pseudemys, and P. rubriventris in particular, was the broad
alveolar surfaces of the upper jaws. Jackson (1988) noted that this character was also present in
some Trachemys, notably T. platymarginata. This medial expansion of the alveolar surfaces
commonly forms a partial secondary palate. This feature is found in both genera, along with
several other turtle taxa, and is considered a result of convergence (Jackson, 1988). He also noted
that, while Pseudemys species commonly have the vomer make up an important portion of the
secondary palate, while in P. idahoensis the vomer is recessed, as in Recent Trachemys (Jackson,
1988). He also pointed out that the rugosity of the carapace in USNM 12060 and the wide
pterygoids in USNM 12059 discussed by Gilmore (1933) are both characteristic of T. scripta
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(Jackson, 1988). A few other characteristics, including posterior tapering of the shell and the
more dorsal orientation of the pygal, were taphonomic features (Jackson, 1988). He also
discussed a few other characters, namely nuchal scute underlap being longer than wide and the
absence of bosses on the carapace as distinguishing P. idahoensis from Graptemys and
Malaclemys.
Gilmore (1933) mentioned that the skull of P. idahoensis was quite broad. Jackson
(1988) compared this to various Recent Pseudemys and Trachemys taxa and found that, although
large, it was not excessively broad compared to others, especially when scaling up for size
differences. He discussed the skull of P. idahoensis further, especially in regards to a few more
distinctive features. Jackson (1988) noted that the skull of P. idahoensis was quite flat dorsal to
the frontals, but rose dorsally abruptly posterior to the frontoparietal suture. This allowed for a
dorsally higher and deeper supraoccipital crest. Jackson (1988) felt that this feature, coupled with
maxillae that had serrated ridges, was analogous to other Recent herbivorous turtles, and meant
that P. idahoensis was a herbivore. Due to all the information discussed above, Jackson (1988)
concluded that P. idahoensis, in fact, belonged to Trachemys and made the new combination T.
idahoensis.
Jackson (1988) conducted a thorough comparison of T. idahoensis and T. platymarginata,
considering them to be morphologically similar. He noted similarities between the two taxa in
relatively large size, faintly rugose carapaces, notched peripheral bones, incised nuchal scutes,
and extensive plastral scute overlaps. Jackson (1988) felt that the undeformed shell of the
paratype of T. idahoensis (USNM 12060) was reminiscent of T. platymarginata and the skulls of
the two taxa contained similar features. T. idahoensis does have a less pronounced middorsal
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keel and sculpturing on its carapace than T. platymarginata. Jackson (1988) felt that these
potential differences were within the range of variation found within T. scripta today and
proposed that the two species be synonymized. Seidel and Jackson (1990) agreed with this
synonymy.
This synonymy meant that Trachemys idahoensis was the lone Blancan emydid known
from North America and represented a single widespread species of Trachemys (Jackson, 1988;
Seidel and Jackson, 1990). This idea also fit with Jackson’s (1988) thought that only a single
species of Trachemys was present during the Pleistocene, and that Trachemys scripta is a
widespread Recent North American species with a high degree of variation. Jackson (1988) and
Seidel and Jackson (1990) felt that T. idahoensis probably was the progenitor of the Recent T.
scripta line.

Trachemys platymarginata. Weaver and Robertson (1967) named Chrysemys platymarginata
based on a nearly complete carapace and plastron (UF 11046). The holotype specimen was
collected from Haile XV A in Alachua County, Florida. While Weaver and Robertson (1967) felt
that Haile XV A was of Irvingtonian Age (Pleistocene), Robertson (1976) reinterpreted the site
to actually date to the Blancan (Pliocene). Chrysemys platymarginata was diagnosed by having a
deeper and wider nuchal notch than T. scripta petrolei (=named Pleistocene Trachemys species),
Recent T. scripta and Recent T. ornata, a smooth surface of the nuchal under the first marginals,
and faint rugosity of the carapace. The last feature was said to contrast with the nuchals of T.
inflata, T. scripta petrolei (=named Pleistocene Trachemys species), and Recent T. scripta
(Weaver and Robertson, 1967).
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Along with the holotype (UF 10046) and numerous other specimens referred to C.
platymarginata in the collections of the Florida Museum of Natural History are several
specimens with cranial material. Jackson (1988) focused on some of these specimens in
comparing it to other Trachemys and Recent T. scripta in particular. Several features agreed with
those considered characteristic of Trachemys skulls, including features of the dentaries, maxillae,
pterygoids, vomer, and the crista praetemporalis (Jackson, 1988). Several features of the skull of
C. platymarginata do distinguish it from Recent T. scripta, including expanded and broader
maxillary surfaces, a higher (dorsally) and longer (anteroposteriorly) supraoccipital (or crista
supraoccipitalis), and a more laterally expansive parietal roof (Jackson, 1988). Gaffney (1972)
showed that the latter two features, particularly the crista supraoccipitalis, would allow for a
greater area for surface attachment of the adductor mandibulae externus muscles and potentially
allow for a stronger bite force.
Jackson (1988), while reviewing C. platymarginata, found many similarities with
Trachemys and reassigned the species to the latter genus, creating T. platymarginata. In his
comparisons with T. idahoensis, Jackson (1988) felt that, due to similarities between the two
taxa, T. platymarginata was synonymous with T. idahoensis (discussed further above in
Trachemys idahoensis section). Seidel and Jackson (1990) agreed with this synonymy and
considered there to be only one Blancan (Pliocene) species of Trachemys currently known.
Miocene Trachemys
Trachemys hillii. Pseudemys hillii was named by Cope (1878a) based on a single specimen that
had portions of the skull, limbs, carapace, and a nearly complete plastron preserved (AMNH
2425). The carapace is missing the nuchal. The specimen was thought to come from the Upper
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Miocene Loup Fork Beds of Decatur County, Kansas (Cope, 1878a; Hay, 1908). Hay (1908)
discussed this taxon in greater detail, along with further descriptions after the type material was
pieced together further and considered it a species of Trachemys (labeled T. hillii in his report).
As noted by Cope (1878a), Hay (1902, 1908), and Adler (1968a), T. hillii was noted as having a
number of similarities with T. scripta. While this may infer that T. hillii is immediately ancestral
to T. scripta, more information is needed. Little can currently be said of the post-crania in
comparison to other taxa, although Hay (1908) did mention that they resembled those of T.
scripta and T. rugosa. The cranial material consists of what is believed to be parts of the
quadrate, quadratojugal, and squamosal. A second skull fragment is present but still unidentified.
The cranial material resembles that of modern Trachemys specimens but needs further study with
other taxa, including T. platymarginata.
Even though it does superficially appear similar to T. scripta, important parts of the shell
(such as the posterior edges of the posterior peripherals) and the majority of the skull (including
the alveolar surfaces of the jaws) are needed to help confirm or deny this hypothesis. With only
one specimen of the taxon known (the type specimen), less can be definitively said of this taxon.
Cope’s Loup Fork material, as noted by Jackson (1988), is not well constrained stratigraphically,
and has, at least, Hemphillian and Clarendonian faunas. With its morphological similarities to
much younger Trachemys taxa, it would not be surprising if the taxon was also younger than its
presumed Hemphillian age. Whether that is, or is not, true, T. hillii still appears to represent a
more conservative Trachemys species, especially in comparison to those such as T. inflata
(discussed below).
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Weaver and Robertson (1967) noted that the absence of both double-toothed peripherals
and a median keel, coupled with relatively thin costals, indicated to them that T. hillii was closer
to Chrysemys picta than to other Trachemys. Adler (1968a) discussed T. hillii in depth and
compared it to C. limnodytes. While he did note that in T. hillii the anal notch was deeper, the
posterior lobe of the plastron was slightly wider, and relatively wider (mediolaterally) fourth
neural than in C. limnodytes, he felt these differences were all within the range of variation
expected for a single species. He concluded that, because of the proximity, both geographically
and stratigraphically, of the type specimens of T. hillii and C. limnodytes, coupled with the lack
of diagnostic features, that the two species were synonymous. He concluded that C. limnodytes
was a junior synonym of T. hillii. Jackson (1988) and Seidel and Jackson (1990) agreed with this
synonymy. Jackson (1988) further hypothesized that T. hillii, along with T. idahoensis and T.
scripta, might represent a single, highly variable species. This degree of variation would be quite
large and seems highly unlikely.

Chrysemys limnodytes. Chrysemys limnodytes was named by Galbreath (1948) based on the
greater part of a carapace, the left half of a plastron and the greater portion of the last cervical
vertebra (KUVP 7676). Galbreath (1948) stated that the type specimen was collected from the
early Pliocene Laverne Formation in Beaver County, Oklahoma, although some authors think
that late Miocene outcrops may make up some of the lower portions of the formation (Myers,
1959). In his study, Galbreath (1948) conducted a relatively thorough description and diagnosis
of the material and often took note of where and how the material differed from Pseudemys
(sensu lato, both Pseudemys and Trachemys had been placed together).
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Adler (1968a) undertook a thorough review of Chrysemys limnodytes and revisited its
comparison to Pseudemys (sensu lato), Chrysemys (sensu stricto), and T. hillii (P. hillii at the
time) in particular. He noted a few differences between C. limnodytes and T. hillii (discussed
above) and mentioned that the essential absence of an indentation at the femoral-anal suture can
be found within the range of variation in extant T. scripta. Adler (1968a) felt that any differences
that could be noted were all within the degree of variation present in modern Trachemys scripta
or were due to deformation of the specimen, specifically due to faulty reconstruction. Adler
(1968a) synonymized C. limnodytes with T. hillii due to the undiagnostic differences he had
found and due to the temporal and geographic proximity of each. Jackson (1988) and Seidel and
Jackson (1990) agreed with this assessment, and considered C. limnodytes to still be a junior
synonym of T. hillii. Pending the recovery and study of further specimens from this region and
time period, this synonymy will be accepted here.

Trachemys inflata. Chrysemys inflata was named by Weaver and Robertson (1967) based on a
nuchal (UF 12460). The specimen was collected in a phosphate mining area called Palmetto
Washer in Polk County, Florida. Authors have considered the age of the strata the holotype was
recovered from to be anywhere from the Middle to Upper Miocene (e.g., Olsen, 1956) to the
lower Pliocene (e.g., Olsen, 1957), although most authors consider it to be around the Upper
Miocene-Lower Pliocene boundary with a Hemphillian age (Weaver and Robertson, 1967;
Webb, 1969). Most fossils referred to this taxon are from the Bone Valley Formation in Florida.
Hulbert (2001) considered shell fragments of T. inflata to be the most common fossils from the
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Bone Valley Palmetto Fauna of Florida. While considered Hemphillian in age, many fossils from
this taxon are from river deposits and are not well confined stratigraphically.
Weaver and Robertson (1967) noted some of the major diagnostic features of T. inflata as
being increased rugosity and sculpturing. Jackson (1988) was the first to refer to taxon to
Trachemys when he reviewed all fossil Trachemys taxa known at that time. Jackson (1988)
agreed with the assessment of Weaver and Robertson (1967:65) that T. inflata “was a specialized
or aberrant species characterterized by an extreme development of Trachemys features and not
representative of the main evolutionary sequence leading to recent T. scripta”. Jackson (1988)
also hypothesized that T. inflata represented a species that had been isolated before the Blancan
from a more generalized T. idahoensis species line. Through more extreme evolutionary and
environmental drivers, the species became more heavily sculpted and many of its features more
pronounced. He also thought that, because the species had taken some features to such an
extreme, that it was an indigenous species to peninsular Florida and would not be found
elsewhere (Jackson, 1988; Seidel and Jackson, 1990). Further material was identified as
Trachemys cf. T. inflata later from eastern Tennesee (Parmalee et al., 2002) and northeastern
Nebraska (Holman and Parmley, 2005). None of the fossils from either of these latter two states
can be positively identified as T. inflata (see below).

GFS Trachemys. Although Jackson (1988) and Seidel and Jackson (1990) both felt that T.
inflata was only indigenous to a small region in the southeastern United States, other specimens
were referred to this taxon from other localities. Parmalee et al. (2002) reported on a population
of turtles recovered from the Gray Fossil Site (GFS) in Washington County, eastern Tennessee.
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The GFS, a Hemphillian site, contained turtle fossils that Parmalle et al. (2002) thought
represented a species similar to T.inflata. While the authors felt that the GFS taxon did exhibit
some differences from both T. inflata and T. scripta, they also felt that, due to the variation of
certain characters and the uncertainty of many diagnostic, or potentially diagnostic characters,
that a conservative approach was more appropriate (Parmalee et al., 2002). In staying with this
conservative approach, they referred the GFS turtles to Trachemys cf. T. inflata. Based on
differences discussed above (Chapters 2-3), it is apparent that the GFS Trachemys represents a
distinct taxon. This makes the amount of taxonomic variation of Trachemys in the Hemphillian
currently greater than that in the Blancan.
The Devils Nest Airstrip site (DNAS), in Knox County, northeastern Nebraska is
considered to be from the Late Hemphillian, or about 5 Ma (Boellstorff, 1976; Lindsay et al.,
1976; Voorhies, 1988; Parmley, 1992; Woodburne, 2004), and contains various species of turtles
(Parmley, 1992; Holman and Parmalee, 2005). Jackson (1988) originally provisionally referred
these specimens to Trachemys idahoensis (sensu lato), although at that time only an eleventh left
peripheral and a small xiphiplastron were known from the site. Holman and Parmley (2005)
referred several shell fragments, including an incomplete nuchal, a left epiplastron, a right
epiplastron, and a right xiphiplastron to Trachemys cf. T. inflata based on those figured by
Parmalee et al. (2002). While the referral was based solely on illustrations, the incomplete nuchal
does seem quite similar to both those from Tennessee and Florida. Based on the xiphiplastron,
however, the turtle seems distinct from the GFS Trachemys. More material is needed to
confidently refer it to a given taxon, or more diagnostic features must be found on elements other
than the nuchal.
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Eocene Trachemys
Trachemys antiqua. Trachemys antiqua was named by Clark (1937) based on a nearly complete
plastron, the majority of the right bridge, and part of the lateroposterior border of the carapace
(YPM (PU) 13839). It was collected “two miles southeast of ‘Cedar Butte,’ Indian Creek
drainage basin, Pennington County, South Dakota” (Clark, 1937:292). As also noted by
Hutchison (1996) in his review of the taxon, it was collected from a channel sandstone in the
Chadron Formation. Clark (1937) noted that the channel sandstone it was derived from was
considered to fall into the Middle Chadronian. Hutchison (1996) agreed with the stratigraphic
and geographic data presented by Clark (1937) for this species. Prothero and Emry (2004), in
their review of the Chadronian North American Land Mammal Age (NALMA), stated the
Middle Chadronian to have been between 35.7-34.7 Ma (latest Eocene).
Clark (1937), when he first described T. antiqua noted its similarity to T. hilli. He did,
however, mention several differences. These included several aspects about the entoplastron,
which was ‘hexagonal’ in shape, with its posterolateral borders almost completely
anreroposteriorly oriented, and its posterior border almost completely mediolaterally oriented
and slightly convex. A small anal notch on the posterior edge of the carapace is present, although
he noted it was less prominent than that in T. hilli (Clark, 1937). The shell was noted to be
sculptured with relatively fine, vermiculate furrows or grooves. Even though Clark (1937) noted
that the median sulcus and suture did not closely follow the midline of the plastron, without more
specimens it is not possible to state that this is a specific character or individual variation. Clark
(1937) felt that, due to similarities with T. hilli, T. antiqua was referable to Trachemys as well.
He also mentioned, however, that the species may be found to below to a different genus, but it
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was unreasonable to refer it to another until a revision was conducted on both Trachemys and
“Tertiary Emydidae” (Clark (1937).
Hutchison (1996) reviewed the taxon and referred it to Chrysemys. He referred numerous
other specimens and, from those, gave a longer and more thorough description. Through his
discussion he was able to distinguish it from all other Modern emydid genera. Hutchison
(1996:344) was able to differentiate it from Deirochelys, Graptemys, Pseudemys, and Trachemys
based on one or more of the following features: “absence of dorsal keels, shallow and weakly
defined anal notch, absence or nature of carapacial sculpture, little to no overlap of pleurals on
the nuchal, slight or no anterior constriction of (vertebral 1), weak contact of the buttresses with
the costals, normal proximal rib ends.” Many of the features he listed were only present on
referred specimens rather than the holotype (YPM (PU) 13839). The fine sculpturing was the
only real distinction Hutchison (1996) found with Chrysemys, and so he referred it to that genus.
Hutchison (1996) also felt that only two species were present in Chrysemys, the modern C. picta,
and the fossil species C. timida from the “Equus beds of… Nebraska” (Hay, 1908:345).
Chrysemys antiqua differs from C. timida in having two rather than three suprapygals, having
faint, fine plastral sculpturing, and having the pleural 1-vertebral 1 sulcus contact the posterior
portion of marginal 1 rather than the anterior of marginal 2 (Hutchison, 1996). The former differs
from C. picta in that it lacks fine epiplastral and nuchal serrations on its anterior margins,
posseses fine sculpturing, and has more relatively narrow neurals (Hutchison, 1996).
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Discussion
Many problems or questions surround Trachemys and the taxonomy of its members or
potential members. The taxonomy put forth by Rhodin et al. (2010) and van Dijk et al. (2011)
was partially used here, albeit with the partial modified version presented by Fritz et al. (2012).
This was mainly done because the taxonomy put forth by Fritz et al. (2012) was incomplete (did
not include all currently presumed members of Trachemys), although much of what their study
said is undoubtedly true. Further study should be conducted including all known (or presumed)
members of Trachemys. Even so, the taxonomy of Trachemys put forth by Fritz et al. (2012) was
discussed for each taxon.
Following the combined taxonomy of Rhodin et al. (2010) and Fritz et al. (2012),
Trachemys is comprised of 12 species, with 5 being monotypic, and 23 subspecies, for a total of
28 recognized, distinct taxa. Much of the taxonomy and systematics of Trachemys has been, and
will continue to be discussed and debated. Often the only ways to distinguish the taxa are
geographically. Even with some helpful characters or features, there is commonly a good deal of
overlap between species and subspecies. This has led to the ability to successfully interbreed and
the presence of numerous hybrids. Modern Trachemys taxonomy has seen species and
subspecies moved around a good deal and commonly transferred between different taxonomic
groups.
Seidel (2002) completed a study on the taxonomy of modern Trachemys, but unlike many
other attempts at the group’s systematics, he focused only on morphology and osteology. He
investigated all 26 accepted taxa of Trachemys at the time, with T. dorbigni brasiliensis now
considered synonymous with T. dorbigni (see Rhodin et al., 2010) and the three recently named
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subspecies of T. venusta by McCord et al. (2010) not present. Nevertheless, Seidel (2002)
conducted the most taxonomically thorough investigation into the systematics of the genus
Trachemys to date. He investigated a total of 52 morphology- and osteology-based characters,
although 29 of the characters were considered uninformative due to variability (Seidel, 2002). Of
the 23 taxonomically informative characters, 10 were based on soft-tissue anatomy (e.g.,
postorbital stripe contacts the eye or orbit), 6 were based on soft-tissue morphology that can still
be derived from osteological elements (e.g., shape or dimensions of carapacial scutes), and 7
were based on osteological features (e.g., elongation of entoplastron). Seidel (2002) treated all
taxa, regardless of whether it was considered monospecific or polysubspecific, on equal ground
to see what alpha taxonomy would be found within the phylogenetic analysis. In his phylogeny,
Seidel (2002:fig. 2) was able to get several recognized species to fall out as monophyletic, along
with several clades representing different biogeographical regions. In his phylogeny, the
subspecies of T. nebulosa, T. gaigeae, T. venusta, T. decussata, T. stejnegeri, T. callirostris, and
T. scripta all formed distinct clades, partially reaffirming there species-level groupings.
However, several other species, including T. yaquia, T. ornata, T. emolli, T. taylori, T. decorata,
and T. adiutrix are not well resolved and some form partial polytomies at various places in the
phylogenetic tree. Another key area on the tree is the ‘outgroup’ positions of T. dorbigni and T.
d. brasiliensis, although Seidel (2002) felt that this might be due to shared primitive character
states. These taxa, as noted above, were synonymized (see Rhodin et al., 2010), so their positions
in the cladogram of Seidel (2002) is more puzzling. For the most part, Seidel (2002) also had
several monophyletic groups of approximately biogeographical equivalent taxa as well, although
it is of note that the Mesoamerican species and United States species fall well away from each
other, including T. scripta and T. gaigeae, which can both be found in the Rio Grande system in
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Texas. Seidel (2002:fig. 2) also mentions several characters that provide branch support for his
terminal clades.
Seidel’s (2002) study is important in being so taxonomically thorough and looking at the
morphology and osteology of Trachemys rather than its genetics. While some of his phylogeneic
tree is not well-resolved, many of the taxonomic relationships he reported are still followed
today. While molecular phylogenies are discussed further below, this potentially provides
evidence that true systematic relationships within Trachemys can be found without relying
exclusively on the turtles’ DNA. Legler (1990) found that isolated populations of Trachemys in
Northern Mexico had morphological similarities and Seidel (2002) felt that the inclusion of T.
emolli in this group was probably the result of shared homoplasous character states. Seidel
(2002) also mentioned that Starkey (1997) felt the West Indian Trachemys taxa formed a
monophyletic clade, although the former author was unable to get these same results. Regardless,
Seidel (2002) felt that many former subspecies of T. scripta be elevated to species status, which
has been followed by the majority of workers in one way or another since.
Even so, since the taxa are so closely related, it seems that the most common thing being
used to distinguish them is genetics. Molecular studies have started to take the forefront of
Trachemys taxonomic studies. While there are multiple examples, most have commonly looked
into larger groups, such as the emydids, and only looked at a small portion of Trachemys taxa
(e.g., T. scripta). Stephens and Wiens (2003a) was one of the first studies to take a more in-depth
look into a larger number of Trachemys species and subspecies. For their molecular data, the
authors only had enough data for Trachemys scripta elegans, so this was more for the
relationships of Trachemys with other emydids (Stephens and Wiens, 2003a). They did have a
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morphological data set of 237 parsimony-informative characters, and this analysis took into
account 19 Trachemys taxa. They completed two different morphologic phylogenies with
different scaling methods; one with between-character scaling (Fig. 33) and the other with
between-state scaling (Fig. 34). They also combined their morphology and molecular characters
to get a single, combined tree (Fig. 35). Stephens and Wiens (2003a) also used frequency bins to
allow for more in-depth character state analysis. Between-character scaling refers to making
qualitative and (binary) quantitative characters have the same maximum length or maximum
value (Wiens, 2001). Between-state scaling, while similar to between-character scaling, refers to
“weighting each meristic character by the difference between the maximum and minimum mean
species trait values (across all species in the analysis) for that character” (Wiens, 2001:695). In
this way, variation between species with stable, adjacent values of meristic variables receive
equal weight as changes in binary variables, and highly-variable species with intermediate mean
values get correspondingly intermediate values. The frequency bin technique used by Stephens
and Wiens (2003a) can help convey variation within a species. An example of this would be that
80% of Species A exhibits character state 1, while 55% of Species B and only 5% of Species C
exhibit this same condition. This can help convey variation within a species, while still showing
important differences between the species. All these methods have advantages and
disadvantages. The scaling methods are still using further means to analyze the data, but are
those methods allowing someone to compare the data correctly? Do the data need to be scaled, or
are those changes in values acceptable unaltered (i.e., a loss or addition of one vertebra is
equivalent to loss or addition of multiple vertebrae)? The frequency bins concept also has
advantages and disadvantages. While it is apparent that modern species are variable and that
changes in the frequency of certain traits can be important for species differentiation, this has not
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Figure 33. Modified phylogenetic tree of Stephens and Wiens (2003a:fig. 4). Portrays a portion
of one of 24 shortest trees from parsimony analysis of all morphological data using betweencharacter scaling of meristic data. The extracted portion of the Figure focuses on Trachemys and
the resulting relationships from their study.
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Figure 34. Modified phylogenetic tree of Stephens and Wiens (2003a:fig. 5). Portrays a portion
of one of 24 shortest trees from parsimony analysis of all morphological data using between-state
scaling of meristic data. The extracted portion of the Figure focuses on Trachemys and the
resulting relationships from their study.
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Figure 35. Modified phylogenetic tree of Stephens and Wiens (2003a:fig. 7). Portrays a portion
of one of 24 shortest trees from parsimony analysis of all morphological data using between-state
scaling of meristic data. The extracted portion of the Figure focuses on Trachemys and the
resulting relationships from their study.
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always been an easy thing to convey. Frequency bins are a way of doing this in phylogenetic
analyses. While this can work out well with multiple (especially high numbers of) individuals, it
does not work out nearly as well with very low numbers or a single representative. Therefore, for
modern species with more specimens of a given taxon, it can be an important tool, but it is not
nearly as useful with fossil taxa, where commonly only single, incomplete specimens are
available. It is of note that Stephens and Wiens (2003a) did not follow the same taxonomy as
used in this study, with many species listed as subspecies of T. scripta that have since been
transferred to other species and/or other subspecies. The authors, therefore, used Trachemys
callirostris callirostris (=T. scripta callirostris), T. decorata, T. decussata, T. dorbigni, T.
gaigeae gaigeae (=T. gaigeae), T. gaigeae hartwegi (=T. scripta hartwegi), T. nebulosa
mebulosa (=T. scripta nebulosa), T. ornata (=T. scripta ornata), T. scripta scripta, T. scripta
elegans, T. scripta toostii, T. stejnegeri stejnegeri, T. stejnegeri malonei, T. stejnegeri vicina, T.
taylori (=T. scripta taylori), T. terrapen, T. venusta venusta (=T. scripta venusta), T. venusta
cataspila (=T. scripta cataspila), and T. venusta grayi (=T. scripta grayi), where those listed are
under this study’s taxonomy and those in parentheses are the taxonomy of Stephens and Wiens
(2003a).
In their between-character scaling cladogram with only morphologic characters, Stephens
and Wiens (2003a:fig. 4) got three distinct groups of Trachemys. The three subspecies of T.
scripta came out as the sister group to Chrysemys and Pseudemys. Sister to all three of these
groups was a group containing T. decorata, T. decussata, T. terrapen, T. stejnegeri stejnegeri, T.
stejnegeri malonei, T. stejnegeri vicina, T. gaigeae hartwegi, T. callirostris callirostris, and T.
venusta venusta. Sister to these four larger groups is a third group of Trachemys containing T.
venusta cataspila, T. ornata, T. gaigeae gaigeae, T. dorbigni, T. taylori, T. venusta grayi, and T.
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nebulosa nebulosa. Sister to the above mentioned groups is Graptemys, followed Deirochelys,
with Malaclemys as the sister group to all other deirochelyines.
The between-character scaling phylogeny of Stephens and Wiens (2003a) has several
important aspects to note. Trachemys scripta, with its three subspecies, form a monophyletic
group that is the sister group to Chrysemys and Pseudemys. Both genera are native to the United
States, with Chrysemys barely reaching into southern Canada and perhaps just barely into
northern Mexico, and Pseudemys gorzugi reaching the extreme northeast of Mexico. In the
second major group are several smaller groupings. Trachemys decorata, T. decussata come out
as sister taxa, with T. terrapen as their outgroup. Following this is a group of the three T.
stejnegeri subspecies, with T. stejnegeri vicina as the most basal of the three. Sister to both these
groups is T. gaigeae hartwegi, which is completely separated from T. gaigeae gaigeae, which is
found in the third ‘Trachemys group.’ The final smaller set is made up of T. callirostris
callisrostris and T. venusta venusta, one of the three used subspecies of T. venusta in the
Stephens and Wiens (2003a) study. The final larger ‘Trachemys group’ has T. venusta cataspila
and T. ornata as sister taxa, with T. gaigeae gaigeae, T. dorbigni, and T. taylori each slightly
more basal in stepwise fashion. Sister to all of these (in the third group) is T. venusta grayi and T.
nebulosa nebulosa. Some of the biggest problems with these groupings revolve around only a
few of the species. Trachemys gaigeae is not monophyletic, although little opposition has been
presented against T. g. hartwegi being within T. gaigeae. Trachemys venusta also does not come
out as monophyletic in the analysis by Stephens and Wiens (2003a). There has been debate about
the turtles and subspecies considered T. venusta anyway (e.g., Rhodin et al., 2010), and Fritz et
al. (2012) attempted to help clean this up. One other note is that, in the higher relationships of the
Deirochelyinae, Chrysemys is commonly considered more basal, with Graptemys considered a
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more, if not the most, derived member of the subfamily. Therefore, either that concept is
incorrect, or something else is going on with the relationships shown by Stephens and Wiens
(2003a), both between genera, and between species and subspecies.
In the between-state scaling cladogram with only morphologic characters, by Stephens
and Wiens (2003a:fig. 5) get various different groupings, with Trachemys falling out at various
places within the phylogeny. The most derived group is made up mostly by Graptemys.
However, the two geographic forms of Malaclemys used in their study were nested within this
Graptemys group, along with Trachemys gaigeae hartwegi being the sister taxon to the rest of
the group. The next-most basal group was comprised of seven Trachemys taxa and the four
Chrysemys subspecies. Within this second group, Chrysemys was part of a smaller group with T.
stejnegeri vicina. A second, small group is then made up of T. decorata, T. dorbigni, T.
decussata, and T. terrapen. The final two Trachemys that are part of this second major grouping
are T. stejnegeri malonei and T. stejnegeri stejnegeri, which form a smaller group together. Sister
to these previously mentioned groups are the three subspecies of T. scripta, which still appear to
group together relatively well. Just basal to these groups is a well-constrained group comprised
of Pseudemys. This is followed by several small but distinct groups of various Trachemys taxa.
The first (next-most basal) group is comprised of T. gaigeae gaigeae and T. venusta grayi. Next,
Trachemys taylori falls out by itself, followed by T. callirostris calisrostris and T. venusta
venusta grouping together. Sister to these are T. ornata, T. venusta cataspila, and T. nebulosa
nebulosa in that order, but all three in individual groups and sister to the ones before it.
Deirochelys, again, comes out as the sister taxon to all other deirochelyines.
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The between-state scaling phylogeny of Stephens and Wiens (2003a) also has several
aspects of note. Unsurprisingly, Graptemys comes out as the most derived group of
deirochelyines, but Malaclemys is nested within the members of Graptemys. The presence of
Trachemys gaigeae hartwegi as the basal-most member of this Graptemys clade is unexpected
and not fully understood. The second major clade includes seven Trachemys taxa with
Chrysemys nested within as a smaller but inclusive clade. Trachemys stejnegeri vicina also
groups more closely with Chrysemys than any other Trachemys species, including the other two
subspecies of T. stejnegeri, which do group together. The other Trachemys species present in this
second clade, other than the T. stejnegeri subspecies, are all monotypic. As was the case with the
between-character scaling phylogeny, T. scripta forms an inclusive clade. The sister clade to
these was inclusive of al Pseudemys taxa. Following the Pseudemys clade, and moving more
basal, are several smaller groups of Trachemys (one to two taxa) as increasing sister groups. One
important aspect that stands out about these smaller groups is that the subspecies of Trachemys
venusta is paraphyletic, with no two of the subspecies forming a distinct clade.
Stephens and Wiens (2003a:fig. 7) also combined the morphological data, with betweencharacter scaling, with the molecular data in a separate phylogeny, a modified version can be
found in Figure 35. Graptemys, again, forms an inclusive clade as the most derived member of
the Deirochelyinae, with Malaclemys as its immediate sister group. Following this, is a group
including Trachemys decorata + T. decussata, T. terrapen, T. stejnegeri malonei + T. stejnegeri
stegnegeri, and T. stejnegeri vicina, with T. gaigeae hartwegi as the sister taxon to this
Trachemys group. Following this is a slightly more basal sister group containing T. callirostris
callirostris and T. venusta venusta. Basal to these is a clade containing two smaller clades, one
with T. venusta cataspila + T. ornata + T. gaigeae gaigeae and T. dorbigni, while the other has
226

T. venusta grayi + T. nebulosa nebulosa and T. taylori. A small clade containing of the three T.
scripta subspecies is basal to those mentioned bfore. Pseudemys represents a distinct clade, and
is basal to all Trachemys, Malaclemys, and Graptemys. Chrysemys is next on the phylogeny and,
as continues to be the case, Deirochelys is sister to all other deirochelyines. Graptemys formed a
distinct clade and, as has been thought based on its morphology, is recovered as the most derived
deirochelyine. All other deirochelyine genera form monophyletic groups except Trachemys.
Trachemys is a part of 5 different clades, and not all of its species are recovered as distinct clades
either. As was also the case with the morphology-based phylogenies, T, venusta and T. gaigeae
do not form monophyletic groups either.
In a recent study into the molecular phylogeny of modern Trachemys, Jackson et al.
(2008) used 18 species and subspecies of the genus, while comparing their mitochondrial DNA.
They looked into a 768-basepair (=bp) fragment of ND4, along with the histidine, serine, and
leucine tRNAs. Jackson et al. (2008) have the North American species T. scripta and T. gaigeae
and the West Indian species T. decorata, T. stejnegeri, T. terrapen, and T. decussata clearly fall
out with each other. The Mexican species T. taylori + T. venusta and T. yaquia come out as
poltypic however. Some of the Central and South American species, including T. emolli and T.
callirostris also come out as polytypic. It is of note, however, that the northern South American
species T. callirostris formed a very poorly resolved group with the Mexican species T. venusta.
As noted by Fritz et al. (2012), some of the Central and South American species of
Trachemys in the phylogeny of Jackson et al. (2008) did not have well resolved systematic
relationships, although they did use a large number of Trachemys taxa. Two other studies (Spink
et al., 2009; Wiens et al., 2010) used more genes than Jackson et al. (2008) did, but far fewer
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taxa, which gave them, at least, partially conflicting results. Several other positions on the tree,
including a poorly resolved T. decorata grouping with T. stejnegeri subspecies, infers that more
must be done about modern Trachemys systematics. Jackson et al. (2008) felt that T. gaigeae was
a distinct species based on their data. It seems that they did not, however, investigate T. gaigeae
hartwegi. What effect this would have had on their phylogeny is not known. The study by
Jackson et al. (2008) did investigate several species and subspecies (T. scripta troostii, T. taylori,
T. yaquia, T. decorata, T. stejnegeri vicina, T. s. stejnegeri, and T. terrapen) that the later study
by Fritz et al. (2012) did not (see below).
Fritz et al. (2012) produced a molecular phylogeny on modern Trachemys taxonomy to
better understand the systematics of the group. They were able to identify several problems with
earlier efforts and studies and attempted to fix those problems and get a truly better
understanding of this problematic group. The problems, for one reason or another, were
commonly weak resolution in the Trachemys phylogenies (see above) or two few taxa of
Trachemys used. Fritz et al. (2012) used four mitochondrial genes (3242 bp) and five nuclear
genes (3396 bp) of most of the known (or recognized) South American and southern Central
American taxa, along with representatives of northern Central American, West Indian, and North
American taxa, along with some closely allied North American taxa (genera and species). This
marked a larger and, in many ways, more thorough genomic data set being used than other
studies. The authors had a total of 16 species and subspecies of Trachemys out of the 28
recognized by the Rhodin et al. (2010).
Similar to Jackson et al. (2008), but dissimilar to Seidel (2002) and Stephens and Wiens
(2003a), Fritz et al. (2012) focused completely on the molecular aspects and did not take into
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account morphology or osteology. The authors do get the most well-resolved Trachemys
phylogeny (in part) to date (Fritz et al., 2012). Included in their study are both subspecies of
Trachemys decussata, T. scripta scripta and T. s. elegans, T. gaigeae gaigeae, T. adiutrix, T.
dorbigni, 5 of the 6 subspecies of T. venusta (without T. iversoni), T. emolli, T. ornata, and both
subspecies of T. callirostris. Unlike some other studies (e.g., Stephens and Wiens, 2003a), Fritz
et al. (2011:fig. 2) did have Trachemys fall out as a monophyletic group. Several of their
groupings were different from the taxonomic groups recognized by the Rhodin et al. (2010),
though.
All five outgroups used by Fritz et al. (2012) came out as monophyletic. Deirochelys
reticularia, commonly considered the sister to all other deirochelyines, came out as the outgroup
to all other deirochelyines in their study as well. Chrysemys (two specimens of C. picta dorsalis)
+ Pseudemys (four species) came out as the sister clade to the rest of the taxa (Malaclemys +
Graptemys + Trachemys). Following this were two separate monophyletic clades containing
Malaclemys (two subspecies) and Graptemys (four species), respectively. Trachemys then
formed one large derived monophyletic clade without the outgroups. In their phylogeny, Fritz et
al. (2012) had several well-supported but smaller Trachemys clades, which they used for
taxonomic purposes. Following their phylogenetic tree from the top to bottom, their clades
consisted of (1) T. decussata, (2) T. gaigeae, (3) T. scripta, (4) T. adiutrix, (5) T. dorbigni, (6) T.
emolli + T. venusta grayi + T. v. panamensis, and (7) T. v. cataspila, T. ornata, T. v. venusta, T.
v. uhrigi, T. callirostris callirostris, and T. c. chichiriviche. Clade (1), with T. decussata, was
well constrained and Fritz et al. (2012) agreed with its monophyletic species status. The same
goes for T. gaigeae gaigeae (2), although they did not investigate T. gaigeae hartwegi, which has
not always been shown as being monophyletic with T. gaigeae gaigeae (see Stephens and
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Wiens, 2003a). Trachemys scripta (3), while not taking T. s. troostii into account, was found to
be a distinct monophyletic species by Fritz et al. (2012) as well. Clade (4) is a bit different,
however, with Trachemys adiutrix forming a small monophyletic group sister to the
monophyletic T. dorbigni in (5).
In looking more in-depth at the data though, Fritz et al. (2012) found that a sequence
divergence value of about 1.5% is a reasonable threshold for the recognition of different species.
The authors focused heavily on this value and used it to revise some of the taxonomy of the
genus. Trachemys adiutrix, with a sequence divergence of 1.11% from T. dorbigni, was clearly
below this threshold and thus was considered conspecific with T. dorbigni, making the new
combinations of T. d. adiutrix and T. d. dorbigni. In their clade (6), Fritz et al. (2012) have T.
emolli, with two subspecies of T. venusta (T. v. panamensis and T. v. grayi), as sister taxa. The
sequence divergence values within (6) were 0.36% between T. emolli and T. v. grayi, 0.53%
between T. emolli and T. v. panamensis, and 0.17% between T. v. grayi and T. v. panamensis.
These values are far below the 1.5% threshold and show that all three taxa are very closely
related. Fritz et al. (2012) considered all three to be subspecies and with the oldest possible name
for the clade being Emys grayi Bocourt, 1868, considered the taxa to be T. grayi grayi, T. g.
emolli, and T. g. panamensis. Clade (7) is similar in many ways to (6) with several formerly
distinct species grouping closely together. Within the group, sequence divergence values are
0.19% between T. v. cataspila and T. ornata, 0.34% between T. v. cataspila and T. v. venusta +
T. v. uhrigi, 0.46% between T. v. cataspila and T. c. callirostris, 0.60% between T. v. cataspila
and T. c. chichiriviche, 0.39% between T. ornata and T. v. venusta + T. v. uhrigi, 0.65% between
T. ornata and T. c. callirostris, 0. 79% between T. ornata and T. c. chichiriviche, 0.72% between
T. v. venusta + T. v. uhrigi and T. v. callirostris, 0.86% between T. v. venusta + T. v. uhrigi and
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T. c. chichiriviche, and 0.38% between T. c. callirostris and T. c. chichiriviche. In a similar
situation with (6) the oldest available name within (7) was Emys ornata Gray, 1831, making all
taxa within the clade subspecies of T. ornata, including T. o. ornata, T. o. callirostris, T. o.
cataspila, T. o. chichiriviche, and T. o. venusta (Fritz et al., 2012).
Fritz et al. (2012) also look into the biogeography of the genus along with potential
divergence times. The biogeography aspect can be quite important for the dispersal of the species
from North America south into South America. The authors came up with two main dispersal
events, with one prior to the connection of the land-bridge between North and South America,
and a second event involving Central American taxa south as well (Fritz et al., 2012). For
potential divergence times applied to their phylogeny, Fritz et al. (2012) used T. inflata from the
Hemphillian of Florida for calibration. This allowed for an estimation of the origin of the genus
at approximately 12.0 - 8.0 Ma.
The results of Fritz et al. (2012) are quite promising, and appear to be helping clear up
some of the confusion with modern Trachemys taxonomy. However, there are several aspects to
note. While 16 taxa of Trachemys is a relatively high number and does help show many
important systematic relationships, it represents only about 2/3 of the total recognized Trachemys
taxa (as taken from the Rhodin et al., 2010). While the sequence divergence values may not end
up being altered to the point to change their conclusions, the overall relationships present, as
based on the phylogeny of Fritz et al. (2012), may end up changing. The biogeographical
implications are quite promising, but more (or all) Trachemys taxa should be included to allow
for a better understanding of what is happening to the genus as a whole. While two main events
seem to be present within the taxa studied by Fritz et al. (2012), having the missing taxa within
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the dataset may change the results, showing more events, or perhaps one long, drawn-out event.
The use of T. inflata for calibrating the divergence times is also a bit troubling. If T. inflata
(sensu stricto) from the Hemphillian of Florida was used, then the Bone Valley Formation is not
always considered well constrained temporally. While Fritz et al. (2012) also mention T. inflata
from the Hemphillian of Nebraska and Tennessee, it is not agreed upon that these latter
specimens represent T. inflata, although they probably do represent the genus Trachemys.
Nevertheless, with T. inflata occurring in the range of 7.0 – 4.5 M, and being the earliest known
Trachemys species, then this one species was around for up to, perhaps, approximately 36% of
the total temporal span of the genus. While this is certainly a possibility with a relatively young
genus, further study may, and probably will, temporally constrain this taxon, and older
specimens may push back the divergence time of the genus. Further information is needed, but
older specimens could, potentially, change the calibration of the phylogeny of Fritz et al. (2012)
and change the divergence times they acquired for various nodes.
The phylogenies of modern Trachemys taxa show that while there have been and still
continue to be many problems surrounding this group, more resolution is being acquired and
better understanding of the group is being achieved. Seidel (2002) did a thorough review of the
Trachemys scripta complex at that time and felt that many former subspecies of this taxon
should be elevated to species status. This has been widely used since that time, with numerous
smaller changes and revisions taking place. The phylogenies recovered by Stephens and Wiens
(2003a) help convey that there were still multiple problems with modern Trachemys taxonomy.
Not only were the species potentially not defined properly, but the genus being paraphyletic also
needed to be addressed. Nevertheless, they attempted to combine the different data sets
(molecular and morphological) and were able to help things progress. Jackson et al. (2008)
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looked exclusively at the genetics and, while one of their main findings was that T. gaigeae was
worthy of being considered a separate species, they were also able to achieve higher resolution in
some areas of their phylogenetic tree and convey the biogeography of the group. Finally, Fritz et
al. (2012) have done the last ‘extensive’ phylogeny of Trachemys and came up with several
interesting hypotheses. While they appear to be correct in many ways and on the right track for
the group, more data are needed. A more complete data set with the full extent of recognized
Trachemys species and subspecies would be a very important next step and may be closer to a
full conclusion on what the systematics of the modern members of the genus truly are.
Unfortunately, the majority of the characters and features used to identify and distinguish
modern Trachemys species and subspecies are exclusive and not possible to use for fossil
members of the genus. Similarly, most Trachemys fossil taxa have not been discussed in detail in
the last 30 years except for a select few publications. Jackson (1988) conducted a relatively
thorough review of fossil Trachemys and discussed their taxonomy and possible implications.
Seidel and Jackson (1990) was mostly a rehashing of the earlier study. Similar to how Jackson
(1988) broke up the taxonomy, this discussion will attempt to follow the taxa through time.
Beginning in the Pleistocene, any Rancholabrean Trachemys remains have all been
referred to the modern species T. scripta. Archaeological sites have also been known to contain
Trachemys remains which have, predictably, been referred to T. scripta (Adler, 1968b). In the
Irvingtonian, however, 8 species, or potential species, of Trachemys have been named. These
include Trachemys euglypha, T. sculpta, ?T. jarmani, T. petrolei, T. bisornata, T. trulla, ?T.
delicata, and ?T. nuchocarinata. Jackson (1978a) found that ?T. jarmani was actually referable
to Pseudemys nelsoni. Similarly, Auffenberg (1958) found that ?T. nuchocarinata was not
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actually a Trachemys, and referred the holotype specimen to Terrapene carolina putnami. The
types of the remaining 6 species are found in only two states, with 3 from Florida and 3 from
Texas (Fig. 36). Preston (1966) transferred T. bisornata to T. scripta bisornata and defined the
subspecies as T. s. elegans-like turtles from Irvingtonian deposits in Florida and Texas. Weaver
and Robertson (1967) synonymized all six Pleistocene Trachemys species under the subspecies
T. scripta petrolei, including T. bisornata. Jackson (1988) felt that subspecies designations were
unwarranted for fossil taxa and, considering all subspecies to fall within the degree of variation
of T. scripta, synonymized all 6 species with T. scripta. It is of note that this was when many of
the modern taxa of Trachemys were considered to belong to T. scripta. As noted above, much of
this taxonomy has changed, with only three remaining subspecies currently believed to belong to
T. scripta.
As a consequence of this synonymization, which has been widely accepted, any and all
Trachemys from the Pleistocene have been referred to T. scripta. This includes Pleistocene
Trachemys recovered from states other than Florida and Texas. Most of these fossils are reported
in faunal lists with little to no explanation as to the taxonomic identification. While it is possible
that all Trachemys from the Pleistocene do represent T. scripta, this needs further study. This
includes a more in-depth analysis of the species of Trachemys that have already been named
(discussed above). As hypothesized from the divergence times of Fritz et al. (2012), distinct
southern (Central and South American) species of Trachemys would have been present by the
Blancan and perhaps even by the Hemphillian. If that is the case, then there should be multiple
species of Trachemys during the Irvingtonian, and this can hopefully be found within the fossils.
Stephens and Wiens (2003b) discussed the time needed for speciation among emydids, focusing
mainly on those from the United States. The authors felt that the ‘time-for-speciation’ effect can
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be highly variable and lead to incredibly diverse patterns of taxonomic diversity (Stephens and
Wiens, 2003b). While it is uncertain when these diverse patterns would have arisen for modern
Trachemys, it seems probable that they would have arisen before the Pleistocene, implying that
multiple species of Trachemys were present during the Pleistocene. It is also of note that, while
some Pleistocene turtles considered representatives of modern day genera are still considered
representatives (Wilson and Zug, 1966), others have not (Ehret and Bouque, 2011). A group of
Pleistocene Graptemys from Florida were formerly considered to represent a modern species (see
Jackson, 1975) but have since been named a distinct species (see Ehret and Bourque, 2011). This
agrees with the idea that there were more species present during the Pleistocene, and ‘Pleistocene
extinctions’ may have taken down the modern day biodiversity of emydid turtles.
In the Pliocene, two species of Blancan Trachemys have been named, T. idahoensis and T.
platymarginata, from Idaho and Florida, respectively (Fig. 37). Both species were referred to
Trachemys by Jackson (1988). Although Jackson (1988) reclassified T. platymarginata as a
species of Trachemys, he further synonymized it with Trachemys idahoensis in the same study.
His synonymization was based on features of the skull that were previously used to show the
generic affinities of T. idahoensis. Jackson (1988) felt that, since T. platymarginata exhibited the
same cranial features as T. idahoensis, that the former must be a junior synonym of the latter.
However, the characters used were almost exclusively those that Jackson (1988) had used to
show T. idahoensis was a member of Trachemys.
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Figure 36. Map showing type localities of various Pleistocene (Irvingtonian) fossil Trachemys, or potentially Trachemys.
Abbreviations: Tb, Trachemys bisornata; Td, Trachemys delicata; Te, Trachemys euglypha; Tj, Trachemys jarmani; Tn, Trachemys
nuchocarinata; Tp, Trachemys petrolei; Ts, Trachemys sculpta; Tt, Trachemys trulla. Map of United States from
http://www.lib.utexas.edu/maps/united_states.html.
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Figure 37. Map showing type localities of various Pliocene (Blancan) fossil Trachemys, or potentially Trachemys. Abbreviations: Ti,
Trachemys idahoensis; Tpm, Trachemys platymarginata. Map of United States from
http://www.lib.utexas.edu/maps/united_states.html.
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Figure 38. Map showing type localities of various Pliocene-Miocene (Hemphillian) fossil Trachemys, or potentially Trachemys.
Abbreviations: Cl, Chrysemys limnodytes; Th, Trachemys hillii; Tif, Trachemys inflata; GFST, the Gray Fossil Site Trachemys. Map
of United States from http://www.lib.utexas.edu/maps/united_states.html.
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Jackson (1988) felt that T. idahoensis and T. platymarginata were morphologically similar
species. He also felt that the geographic distance between the two species was no greater than
that of Trachemys scripta today. While it is certainly conceivable that they represent the same
species, there are several potential problems with this synonymy. Just because T. scripta has
such a vast geographic range does not mean that fossil species of Trachemys exhibited this same
characteristic. This was also at a time when T. scripta contained a vast number of subspecies,
that have since been shown to be different and/or distinct species and subspecies. While
downplaying the differences between T. idahoensis and T. platymarginata, Jackson (1988) does
mention a few differences, including a more pronounced median keel, carapacial sculpturing,
and double-notching of the posterior peripheral bones in T. platymarginata. While these
differences are generally minor and may not represent specific-level variation, further study is
needed. It is of note that T. idahoensis does not exhibit the double-serrated posterior margin of
the carapace that is found in extant T. scripta and the older T. inflata and GFS Trachemys.
Parmalee et al. (2002), however, recognized T. platymarginata as a distinct species, and
compared the Hemphillian Tennessee Trachemys material directly to it. While both species seem
quite similar, it seems more study is needed to confirm or deny that T. idahoensis and T.
platymarginata represent a single species. While T. idahoensis is known from very little
material, T. platymarginata is known from a relatively large amount of material with more than
10 complete shells, and multiple nearly complete skulls present in the collections of the Florida
Museum of Natural History. Again, the goal here is not to synonymize or unsynonymize any of
these species but simply to treat each taxon separately and convey the information known or
potentially known for each.
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From the Miocene, and really from the Hemphillian in particular, three species of
Trachemys have been named; T. hillii, T. limnodytes, T. inflata from Kansas, Oklahoma, and
Florida, respectively (Fig. 38). Adler (1968a) reviewed the types of P. hillii and C. limnodytes
and felt that they represented a single Hemphillian species. While he mentioned various
similarities, Adler (1968a) also noted several differences. These included a relatively deeper anal
notch and wider posterior lobe of the plastron in T. hillii. A proportionally wider (mediolaterally)
fourth neural is present in T. limnodytes, although Adler (1968a) mentions that the shape of this
bone is variable in recent species of Trachemys (=Pseudemys sensu lato). The species T.
limnodytes also lacks a medial indentation at the femoro-anal sulci, which Adler (1968a) also
noted as being within the normal range of variation of T. scripta (sensu lato). He felt that
synonymy was called for considering their similarities morphologically, temporally, and
geographically. Jackson (1988) agreed with the assessment of T. hillii and T. limnodytes,
considered them a single Hemphillian species. Jackson (1988) did note several differences
between T. hillii (sensu lato) and the younger T. idahoensis (sensu lato), including; more
pronounced notching of the peripheral bones, a less rugose carapace, larger body size, and a
more elongate shell in the latter. Trachemys inflata, named by Weaver and Robertson (1967)
from an isolated nuchal, is considered an enigmatic taxon (Jackson, 1988). Jackson (1988) felt
that T. inflata was a possible direct ancestor to T. idahoensis (sensu lato). He also agreed with the
suggestion by Weaver and Robertson (1967:65) that T. inflata “was a specialized or aberrant
species characterized by an extreme development of Trachemys features and not representative
of the main evolutionary sequence leading to recent T. scripta”. However, this hypothesis is in
contrast to the possibility that T. inflata gave rise to T. idahoensis (sensu lato), which Jackson
(1988) felt was similar enough to T. scripta (sensu lato) to question synonymizing the latter two.
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These two concepts are at odds with each other. Even so, other material questionably referred to
T. inflata has been recovered from the Hemphillian of both Tennessee and Nebraska. The
material from Tennessee was discussed by Parmalee et al. (2002) not long after its initial
discovery. In their discussion, Parmalee et al. (2002) noted that the Hemphillian Tennessee
Trachemys was similar to T. inflata, and compared it thoroughly with T. scripta (sensu lato at the
time), T. platymarginata and T. inflata. The Tennessee Trachemys have more pronounced
carapacial serrations than T. platymarginata, T. inflata, or the Nebraska Trachemys. The degree
of inflation is more than T. platymarginata but less than T. inflata, although the pygal is strongly
incised, similar to T. inflata. The anterior edge of the epiplastra, which projects and has a finely
serrate anterior margin, is similar to the Nebraska material. The Late Hemphillian Nebraska
material was mentioned by Jackson (1988) as morphologically indistinguishable from T.
idahoensis (sensu lato). Holman and Parmley (2005) discussed this material, along with an
isolated, incomplete nuchal and referred all material to Trachemys cf. T. inflata, based on the
other T. inflata (sensu lato) material.
Based on the synonymy of Jackson (1988), only two distinct species of Trachemys are
known from the Hemphillian. It is of note, however, that Decatur County Kansas and Beaver
County, Oklahoma, from where the type specimens of T. hillii and T. limnodytes, respectively,
were recovered, are still about 250 miles apart. Compared to T. inflata and the Tennessee
Trachemys, both T. hillii and T. limnodytes have more subtle features and seem to represent more
‘generalized’ species. Both T. inflata and the Tennessee Trachemys represent a more extreme
version of the Trachemys body plan that, in many ways, begins to resemble some Graptemys
species. Fritz et al. (2012), in their recent molecular phylogeny on a number of modern
Trachemys species and subspecies, applied molecular dating to their phylogeny to acquire
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divergence times. By using T. inflata for calibration, Fritz et al. (2012:fig. 4) found that at least
two Trachemys lineages should have been present during the Early Hemphillian, and
approximately six Trachemys lineages during the Late Hemphillian. These six lineages should
have persisted through the Blancan, given rise to the others starting in the Irvingtonian, and
continued through the Rancholabrean till today. It is noted that the Fritz et al. (2012) study also
only takes into account 16 of the 28 currently recognized species and subspecies of Trachemys.
While many of these species are from Central and South America, it is highly possible that these
species emigrated from North America, in which case their ancestors should be present in the
fossil record of North America. Also, it is noted that it has not been well demonstrated how
osteologically distinct modern Trachemys species are from each other. Even so, based on current
understanding, Hemphillian Trachemys are more diverse than those from the Blancan.
As was originally named by Clark (1937), Trachemys antiqua represented a far older
Trachemys lineage than anyone had expected, extending it back to the late Eocene (Middle
Chadronian). This would have extended the lineage from roughly 7.5 Ma to approximately 35
Ma, an extension of about 27.5 million years. Hutchison (1996) referred the species to
Chrysemys, although this potentially extends that genus an even greater amount. Based on the
recent molecular dating work by Fritz et al. (2012), Chrysemys should have evoled
approximately 12.5 Ma with Pseudemys. It seems far more likely that C. antiqua represents an
ancestor to that supposed Chrysemys-Pseudemys lineage instead. More work must be done to
determine the evolution of the Emydidae, particularly with older specimens. Rather than having
an extension from the Hemphillian back to the Chadronian, other taxa an ancestors were
undoubtedly present. With the amount of plasticity commonly found in emydids, having
ancestors that are similar to modern genera and taxa is to be expected.
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A big problem surrounding the genera Trachemys and Pseudemys is the distinction
between the two based on osteological characters. Even in modern specimens where the
taxonomic identity is known, problems still arise. Several characters have been used in the
literature in the past. These characters include a median dorsal keel, serrated peripherals that can
make the posterior rim of the carapace double-notched, wrinkled and grooved sculpturing the
carapace, and a distinct anal notch at the posterior of the xiphiplastra. While discussing these,
Weaver and Robertson (1967) mentioned that wrinkled sculpturing of the carapace can be found
in some Deirochelys and Pseudemys, that serrated peripherals can be found in P. concinna
(although not double-toothed), and an anal notch can be found in both Trachemys scripta and P.
nelsoni. McDowell (1964) found Trachemys to be distinct from Pseudemys (albeit at a subgenuslevel) by the presence of three rather than four phalanges in the fifth toe, a rounded ventral
surface of the dentary, no contact between the maxilla and quadratojugal (=squamosal of
McDowell, 1964), a close proximity between the posterior end of the pterygoid and the
exoccipital, and a relatively robust crista praetemporalis. Weaver and Rose (1967) mentioned
that the double-notching on the posterior of the Trachemys carapace is commonly on peripherals
7-11, the pygal commonly has parallel lateral edges, lateral expansion is present on both the
anterior and posterior plastrol lobes, increased rugosity is present on the carapace, the triturating
surface of the lower jaws is narrow with a thin longitudinal and lingually-positioned ridge, an
absence of a median anterolingually-positioned ridge of the lower jaws, a separation of the
maxilla and quadratojugal by the jugal is common, notched premaxillary, and a relatively narrow
nasal opening are all features of Trachemys. In their diagnosis of the genus, Seidel and Smith
(1986) stated that Trachemys adults ranged 120-350 mm in carapace length. The carapace is
characterized by its rugosity, serrated and notched posterior rim, and usual median keel. It has a
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rounded lower jaw ventrally, with the triturating surface (=alveolar surface) narrow. Tuberculate
denticles are absent on the triturating surface of the upper jaws, i.e., uncusped. The upper jaws
have an anterior notch present. The skull (cranium) is relatively shallow anterior to the
basisphenoid (approximately 30-34% of condylobasal length), and both the zygomatic arch and
narial openings are relatively narrow. Jackson (1988) noted that variation of alveolar (triturating)
surface width, peripheral notching, and degree of scute overlap make them undesirable in
testudine systematics.
In one of the more recent studies, Seidel and Jackson (1990) looked over the systematics
of the various genera of deirochelyines. In their study, the authors used 18 osteological or
potentially osteological characters, 9 from the skull and/or lower jaws, and 9 from the shell
and/or post-crania (Seidel and Jackson, 1990:table 5.1). In comparing Trachemys with the other
genera, even with a relatively small number of investigated characters, several differences
become apparent. In comparing with Chrysemys, Trachemys exhibits 9 differences, including; an
absence of an anterior cusp from the median ridge of the upper jaws, the posterior of the
pterygoid near to or contacting exoccipital, a carapace with a median keel, a carapace with
longitudinal rugosities, female carapace length usually greater than 250 mm, both posterior
marginals and peripherals usually serrated and/or notched, vertebral 1 commonly constricted
anteriorly, anterolateral border of vertebral 1 confined to nuchal, and lateral edges of nuchal
commonly with broad overlap of first pleurals. In comparison with Pseudemys, Trachemys
exhibits 7 differences, including; longer (anteroposteriorly) and shallower (dorsoventrally) skull,
posterior pterygoid near to or contacting exoccipital, anterior cusp absent from median ridge of
upper jaw, mandible that is more raised or elevated ventrally, inconspicuous denticles on
alveolar (triturating) surface, alveolar (triturating) surface of lower jaws commonly narrow, and
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maximum of three phalanges on fifth toe. In comparison with Deirochelys, Trachemys exhibits 8
differences, including; posterior palatine foramen small relative to the nasopalatine fenestra,
alveolar (triturating) surfaces not flattened (i.e., median ridge present), median keel present on
carapace, both posterior marginals and peripherals usually serrated and/or notched, female
carapace length usually greater than 250 mm, vertebral 1 commonly constricted anteriorly, and
anterolateral border of vertebral 1 confined to nuchal, and lateral edges of nuchal commonly with
broad overlap of first pleurals. Finally, in comparison with Graptemys (+ Malaclemys),
Trachemys exhibits 6 differences, including; a relatively thin anterior border of the inferior
parietal process, alveolar (triturating) surfaces not flattened (i.e., median ridge present), alveolar
(triturating) surfaces of lower jaws commonly narrow, vertebral 1 commonly constricted
anteriorly, adult females seldom larger than twice of the size of males, and maximum of three
phalanges on fifth toe. While this is a relatively small number of features to be investigating, it
does give a general idea of how these deirochelyines relate. Of note is that Seidel and Smith
(1986) mentioned two other characters for help in distinguishing the subfamily genera. Large
orbits and narial openings was present only in Pseudemys, while a female carapace length of less
than 250 mm was present in Chrysemys and Deirochelys.
Many of these characters potentially serve as a way to distinguish the various
deirochelyine genera, but this helps convey how little osteological work has been done on the
group, particularly Trachemys. Seidel (2002) is still the only phylogenetic look into the varying
morphology of different members of the genus. Trachemys scripta is considered very ‘plastic’
and has used this plasticity to survive all over the world (following captive release, namely of
animals from the pet trade). How thoroughly the variation of this one species is accepted by
researchers has drastic effects on how the fossil record of Trachemys is interpreted, particularly
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during the Pleistocene to today. Is this plasticity and degree of variation present in the Trachemys
species during the Pleistocene? Often authors (e.g., Jackson, 1988) have focused on morphology
of the triturating surface of the jaws, morphology of the pterygoids, and the presence or absence
of double-notching on the rim of the carapace, particularly towards the posterior, as key
characters for Trachemys. It is becoming apparent that these characters are more highly variable
than previously thought. In the modern specimens investigated for this study, having a wide or
thinner triturating surface of the lower jaws is variable and more of a subjective character.
Double-notching of the carapace has also been used as a character differentiating Trachemys
from Pseudemys (Weaver and Robertson, 1967). While this is true in the majority of specimens,
modern specimens are found where Trachemys exhibits only single-notching. Rarely Pseudemys
specimens have been found with double-notching as well, along with the fact that a number of
species of Graptemys exhibit double-notching of the carapace (e.g., G. pseudogeographica),
although the general morphology of the notching is somewhat different between these taxa.
Trachemys is known to be a very ‘plastic’ species of turtle and so higher degrees of variation are
to be expected. In this instance, taxonomic identities are less certain, with referrals commonly
more tentative.
In looking ahead, several approaches may help clear these issues up. A conservative
approach may be to consider fossil species that would be Trachemys or Pseudemys as more of a
complex. One key issue is that convergence may be playing a large role in these similarities.
These deirochelyines have similar lifestyles, which could be skewing detected phylogenies.
Convergent evolution may help explain why Trachemys and Pseudemys can commonly be
confused, even though they do not appear to be sister taxa (see Fritz et al., 2012:fig. 4).
Convergence needs to be more thoroughly understood in regards to turtles and especially
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deirochelyines in order to better understand why morphologic similarities are so prevalent and
what role they play in the systematics of the group. Another approach may be to consider
Trachemys and Pseudemys both relatively young species, and older taxa that would be
considered part of this complex to be a separate genus that gave rise to Trachemys and
Pseudemys. In looking to the recent study by Fritz et al. (2012), this seems unlikely, since
Trachemys and Pseudemys should have been split apart since approximately 22.5 Ma (early
Miocene) and Trachemys is more closely related to both Graptemys and Malaclemys.
Considering the present work and changes in taxonomy, an in-depth look into the osteology of
the modern members of Trachemys is important. Considering this, a more thorough look at the
variation present is also needed. Something else that may be just as important is good
stratigraphic data involving fossil specimens, particularly types. The exact localities of where
various types were collected is not well constrained. This confusion has led to synonymies of
various species, but whether the stratigraphic and locality data presented that those synonymies
were based on is correct is not clear. More specimens need to not only be collected but reported
and described to have a more thorough understanding of what was happening with, not only
Trachemys, but deirochelyines in the fossil record. This is particularly important with Pleistocene
specimens. With more specimens, a better understanding of whether they all represent T. scripta
or whether different species truly may be attained. The osteology of the entire group, both fossil
and modern, may help give further resolution to the understanding of Trachemys and
deirochelyines in general.
Stronger resolution is still needed for other portions of the Deirochelyinae tree, however.
While Fritz et al. (2012) looked more in-depth at Trachemys, only a few members of the other
genera (Chrysemys, Pseudemys, Graptemys Deirochelys) were included. A few fossils from the
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Early-Middle Miocene of Florida seem to have affinities to Chrysemys or a Chrysemys-like
turtle. If Fritz et al. (2012) are accurate with their divergence estimates, then this could simply be
an ancestor of Chrysemys + Pseudemys, or it could be ancestral to the above mentioned
deirochelyine genera and imply that Chrysemys is more basal, with the others splitting off over
time. Characterizing further morphology, Graptemys seems to be a more derived version of
Trachemys in many ways and probably evolved from Trachemys or a Trachemys-like ancestor.
Malaclemys, however, is sister to Graptemys, although the shells of both are relatively distinct,
with the former having a more conservative shell morphology, while the carapace and shell of
Graptemys seems more derived. More data are needed to find why this might be and the
evolution with this clade, especially in relation to its sister taxon, Trachemys. A more thorough
understanding of Trachemys may help yield a more thorough understanding of the subfamily,
and family, as a whole.
The genus Trachemys is currently comprised of 41 total (named) species (28-extant, 13fossil), although this is considering the accepted extant species and all named fossil species. For
the modern taxa, the majority of species/subspecies are found in the southeastern United States,
the West Indies, Central America, and northern South America. For the Pleistocene, 6 named
Trachemys species are present in Texas and Florida; however, numerous other fossils referred to
Trachemys or T. scripta are present in various other states. It is doubtful that any of those
reported from other states were thoroughly compared to all named Pleistocene Trachemys
species, since it has become common practice to consider all Pleistocene Trachemys species to
be T. scripta. Dating to the Pliocene, only two species of Trachemys have been recognized, with
one from Idaho and the other from Florida, although these were synonymized into a single
species by Jackson (1988). The Miocene (Hemphillian) has seen three named Trachemys species
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from Kansas, Oklahoma, and Florida, respectively. These have since been whiddled to two
species, with the latter from Florida representing an aberrant taxon. Fossils from the Hemphillian
of Tennessee and Nebraska referred to this aberrant taxon, T. inflata, have called into question
the original hypothesis that it was able to achieve its morphology due to its range on the Florida
peninsula. Trachemys appears to have split with Graptemys + Malaclemys sometime around
Middle-Late Miocene (~13.0 Ma) and this clade split from a Chrysemys + Pseudemys ancestor
sometime in the Early Miocene (~22.5 Ma). Trachemys appears to have evolved further north
and migrated south throughout time. More knowledge of Trachemys fossils, particularly those
further south in Mexico, Central America, and the West Indies, may yield further knowledge of
how this genus has evolved and changed.
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CHAPTER 5
RELATIONSHIPS WITHIN THE EMYDIDAE

Methods
In an attempt to more completely understand the relationships among fossil and extant
emydids, a thorough phylogenetic analysis was conducted. Characters and character scores were
not only derived from previous studies, but new characters were also found and scored.
References used for previous characters, character acquisition, and for some character scores
include but are not limited to: Bojanus (1819) Hay (1908), White (1929), Galbreath (1948),
Tinkle (1962), McDowell (1964), Weaver and Robertson (1967), Weaver and Rose (1967),
Adler (1968a), Parsons (1968), Moll and Legler (1971), Zug (1971), Ernst and Barbour (1972),
Bramble (1974), Jackson (1977), Jackson (1978b), Killebrew (1979), Pritchard (1979), Dobie
(1981), Bertl and Killebrew (1983), Seidel and Inchaustegui Miranda (1984), Ward (1984),
Seidel and Smith (1986), Gaffney and Meylan (1988), Jackson (1988), Seidel (1988), Ernst and
Barbour (1989), Ernst (1990), Gibbons and Lovich (1990), Legler (1990), Seidel and Jackson
(1990), Seidel and Palmer (1991), Seidel (1994), Burke et al. (1996), Minx, (1996), Seidel et al.
(1999), Ultsch et al. (2001), Seidel (2002), Stephens and Wiens (2003a), Bonin et al. (2006),
Joyce (2007), Buhlmann et al. (2008), Ernst and Lovich (2009), McCord et al. (2010), and Sterli
and de la Fuente (2011).
In addition to the >3500 specimens examined for previous studies (see specimen lists and
totals from previous studies above), a total of approximately 1007 new specimens within 75 taxa
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were investigated for phylogenetic relationships (see Appendix 1 for list). Of these, 594 were
fossil specimens, while 413 were modern. For these taxa, a potential total of 317 characters were
scored. These characters represent a compilation of numerous previously published characters,
some of which were modified, and new characters for this study (see character list in Appendix
2). The breakdown of scores is presented in Table 2. Along with specimens that were examined,
a number of live specimens and high quality photographs were also used for some scores. These
extant specimens were identified following features presented by Ernst and Barbour (1989),
Bonin et al. (2006), and Ernst and Lovich (2009). Live specimens were from south-central
Pennsylvania, eastern Tennessee, and central South Carolina. Photographs of specimens from
various trusted sources were used after identifications were confirmed. Several were also from
studies by Bonin et al. (2006), Buhlmann et al. (2008), Ernst and Lovich (2009), and McCord et
al. (2010), among others. Several individuals were also housed by Paul Vander Schouw in the
west-central portion of peninsular Florida, and photographs provided by Paul were also used for
characters and character acquisition.
Anatomical
Region
O - cranial
O - post-cranial
O - shell
O/ST - shell scutes
ST - cranial
ST - post-cranial
ST - shell
behavior

Number of
characters
96
23
82
42
25
15
30
4

Percentage
30.3%
7.3%
25.9%
13.2%
7.9%
4.7%
9.5%
1.2%

Table 2. Table of breakdown of characters in phylogenetic analysis. Abbreviations: O,
osteology character; ST, soft-tissue character.
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Results
Similar to previous studies, several non-emydid turtles were scored, including; the
kinosternids Kinosternon subrubrum and Sternotherus odoratus (2 total Kinosternidae), along
with the geoemydids Chinemys reevseii, Heosemys spinosa, Malayemys subtrijuga, Mauremys
caspica, M. japonica, M. mutica, Morenia petersi, Notochelys platynota, Orlitia borneensis,
Rhinoclemys areolata, and Sacalia bealei (11 total Geoemydidae representatives). Geoemydids
are considered sister to emydids and were formerly considered the sister subfamily rather than a
sister family (e.g., Meylan, 2006). Dissimilar to several previous studies, these taxa were not
used as defining outgroups for the tree. Instead, a hypothetical ancestor was used, similar to
Joyce (2007). While there is the possibility that some characters may then be rooted incorrectly
or opposite to a provided taxonomic ancestor, the relationships present should not directly
change, and these are more vital then discovering if two taxa are more basal or more derived
from each other. A total of 79 distinct modern emydid taxa (species and subspecies) were used in
this study. This does not include all currently excepted modern emydids (e.g., subspecies of
Deirochelys reticularia, including D. r. chrysea, D. r. miaria, and D. r. reticularia, plus P.
suwanniensis), and mainly focused on those used in previous studies (e.g., Seidel and Jackson,
1990; Burke et al., 1996; Minx, 1996; Stephens and Wiens, 2003a; Fritz et al., 2012). Several
species and subspecies were combined to allow for a generic ‘representative’, although these
were not included in all the analyses. These ‘representatives’ were only included in some
analyses to allow for comparisons of fossil taxa with a modern member of the genera and would
not have added any additional information if included in analyses were all modern scored taxa
were already included. Even so, the scores of the modern generic ‘representatives’ are still
shown in the attached table of character scores (see Appendix 3).
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The phylogenetic analysis was conducted in PAUP 4.0b10 (Swofford, 2002). Characters
were assigned equal weights for all analyses. Using maximum parsimony, branches with
minimum lengths of zero were collapsed to avoid having nodes with missing data. The most
parsimonious tree was sought using heuristic algorithms, commonly with 300 bootstrap
replicants. Three main analyses were run: 1) involved all taxa present; 2) focused on only the
fossil taxa scored, with representatives of each deirochelyine taxa in the study; and 3) involved
various Trachemys representatives to attempt to focus on intra-generic relationships.

Phylogenetic Analysis 1
In the first analysis, all emydid taxa present in the study were included, along with the
hypothetical ancestor (Fig. 39). In all, 105 taxa were scored for 317 characters, with only the
outgroup families (Geoemydidae and Kinosternidae) not part of the analysis. The two currently
recognized subfamilies, Emydinae and Deirochelyinae, were both recovered, with various fossils
being represented in both. While this is slightly surprising given that all fossils were presumably
from deirochelyines, it had been suggested that ‘Trachemys’ nuchocarinata was actually a
Terrapene (Auffenberg, 1958). Indeed, Trachemys nuchocarinata did group with the Terrapene,
and the genus formed a distinct clade. In fact, all genera within the Emydinae were recovered as
distinct clades. Things of note include the fact that Terrapene coahuila grouped within T.
carolina, and that Glyptemys was found to be sister group to all other emydine genera.
The Deirochelyinae was recovered as a distinct subfamily; however the taxa within it are
not as distinctly grouped. The four modern subspecies of Chrysemys picta formed a distinct
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Figure 39. Phylogenetic analysis 1. Analysis of all scored emydid taxa, both modern and fossil.
Strict consensus topology of most parsimonious reconstruction of emydid relationships found in
the phylogenetic analysis of 317 characters within 105 taxa. Tree length equals 2665 steps;
consistency index equals 0.1996; homoplasy index equals 0.8004; retention index equals 0.6180.
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clade and were recovered as sister to all other deirochelyines. While C. picta dorsalis came out
as sister to the three remaining subspecies of C. picta, the remaining three did not form a
polytomy, with C. p. belli becoming sister to C. p. marginata + C. p. picta. This implies that the
latter three subspecies are not part of a single subspecies (contra to Starkey et al., 2003),
although C. p. marginata and C. p. picta may be. Following this, however, was a clade with a
majority of fossil taxa. Deirochelys grouped together D. floridana + (D. reticularia + D. carri),
with Pseudemys extincta coming out sister to them. This leads to the possibility that P. extincta
may represent a basal species of Deirochelys. This is more plausible given that P. extincta is
from the Peace Creek beds in Florida, as was D. floridana (Hay, 1908), while D. carri is from
the middle Pliocene (Jackson, 1978), and D. reticularia is considered Pleistocene-present. Hay
(1916) felt that most of the fossils from the Peace Creek beds in Florida were actually from the
Pleistocene, and so P. extinca and D. floridana are also considered to be from this period as well.
The ‘Deirochelys’ clade is sister to a clade containing Chrysemys williamsi and
(Pseudograptemys inornata + P. cordifera). Named by Rose and Weaver (1967), C. williamsi is
from the McGahee Farm Site, interpreted as early Hemphillian by Hulbert (2001). It is of note
that P. cordifera was synonymized with P. inornata by Hutchison (1996). Both are from the
Chadron Formation (Chadronian), and finding them as sister groups does not counter
Hutchison’s synonymy. Finding C. williamsi was the sister group to Pseudograptemys, however,
may indicate that it belongs to that genus. Hutchison (1996) found that Trachemys antiqua and
Chrysemys timida were very closely related, with only a few differences on the shells. Not
surprisingly, they come out as sister taxa and form their own clade as sister to the ‘Deirochelys’
and ‘Pseudograptemys’ clades. While Hutchison (1996) felt that both were referable to
Chrysemys, this phylogeny indicates that they may represent a distinct taxon (genus).
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A large clade of derived deirochelyines (Graptemys + Malaclemys + Pseudemys +
Trachemys) is distinct from those deirochelyines discussed above. Chrysemys limnodytes,
originally named by Galbreath (1948), was synonymized with Trachemys hillii by Adler (1968a),
an assessment that was agreed upon by Jackson (1988) and Seidel and Jackson (1990). However,
not only does C. limnodytes not group with T. hillii in this phylogeny, it actually sits alone,
forming its own distinct clade. This is not due to a poor specimen, as the holotype is a nearly
complete shell (KUVP 7676). This may indicate a distinct genus for C. limnodytes, but it is
beyond the scope of the current study. Nevertheless, C. limnodytes is sister to Graptemys +
Malaclemys + Pseudemys + Trachemys.
Malaclemys and Graptemys form a distinct derived clade within Deirochelyinae.
Unfortunately, Malaclemys is nested as derived within this clade. This means that, while
Malaclemys is monophyletic, Graptemys is paraphyletic. The reason for this paraphyly is
unknown but may be due to the derived nature of Graptemys. It is of note that Malaclemys and
Graptemys commonly group together phylogenetically (e.g., Stephens and Wiens, 2003a).
Trachemys delicata is also found within this clade as sister to Malaclemys. While it is
unexpected to find T. delicata within the Graptemys + Malaclemys clade, it may be because the
type specimen (USNM 8823) is highly incomplete, being only a nearly complete 4th costal.
While more study may clarify why T. delicata groups with Malaclemys and Graptemys, it is
more likely that the fragmentary nature of the holotype (USNM 8823) means that it should be
considered a nomen dubium.
Sister to the Graptemys + Malaclemys clade sits two clades, one of Pseudemys and one
with a set of fossil taxa. All modern Pseudemys form a distinct, monophyletic clade. P. nelsoni
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and P. rubriventris are found to be the most derived members of the genus, while P. texana is
found to be the least derived. Two subspecies of P. concinna also do not form a monophyletic
clade, agreeing with Seidel (1994) who felt that P. concinna floridana should be elevated to
specific status, but disagreeing with Jackson (1995) on its subspecific status. Another taxon that
should be noted is P. c. suwanniensis, which Seidel (1994) also felt should be elevated to
specific status.
Sister to the Pseudemys clade lies a group of 13 fossil taxa. This fossil clade has two
smaller clades within it, with Trachemys idahoensis and T. euglypha falling out basal to these
two groups. Trachemys euglypha is based on a nuchal from the Pleistocene of Florida, while the
type of T. idahoensis (USNM 12059) is a nearly complete shell from the Blancan of Idaho. One
fossil group within this fossil clade contains T. trulla, T. sculpta, Chrysemys carri, and
Pseudemys caelata + T. jarmani. Jackson (1978a) referred T. jarmani to P. nelsoni. Jackson
(1976) felt that P. caelata and C. carri were synonymous, and while they do not form a distinct
clade, they are found beside each other in the cladogram. The other group within the fossil clade
contains T. platymarginata, the GFS Trachemys, T. inflata, T. petrolei, and T. hillii + T.
bisornata. Other than T. petrolei and T. bisornata, all other members of this clade are prePleistocene species that are not just fragmentary (when taking into account all referred material
for T. inflata). While the GFS Trachemys does lie closer (phylogentically) to two Florida species
(T. platymarginata and T. inflata), it is nested between them and is not monophyletic with either.
Sister to both the (Graptemys + Malaclemys) + Pseudemys + fossil deirochelyine clade
sits a group of Trachemys. Trachemys is polyphyletic in this phylogeny, breaking apart into three
separate clades, with the first being sister to the above mentioned deirochelyines. It contains
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various members of the Trachemys species T. decorata, T. decussata, T. dorbigni, T. ornata, T.
stejnegeri, T. taylori, T. terrapin, and T. yaquia. Most subspecies grouped together fairly well in
relation to what species they have been assigned to. The newly formed T. ornata complex by
Fritz et al. (2012) did not however. Its members were found throughout this derived Trachemys
clade.
Less derived and sister to the (Graptemys + Malaclemys) + Pseudemys + fossil
deirochelyine + derived Trachemys clade is another group of Trachemys. This clade contains
only six taxa and tends to follow the previous taxonomic ideas for its members. The three
subspecies of T. grayi form a monophyletic group. Sister to T. grayi lies a group of T. iversoni +
T. nebulosa. Trachemys nebulosa contains two subspecies which are found to be monophyletic,
with T. iversoni falling out as less derived, but still within the same clade.
Basal to the above mentioned derived deirochelyines (Graptemys, Malaclemys,
Pseudemys, several fossil deirochelyines and the above stated Trachemys) lies the final group of
Trachemys. This group contains the three subspecies of T. scripta and the two currently
recognized subspecies of T. gaigeae. Trachemys scripta and T. gaigeae are commonly
considered the only Trachemys species native to the United States (Ernst and Lovich, 2009), and
their formation of a monophyletic clade is to be expected. The subspecies T. g. hartwegi is
actually found lower into central Mexico (Stuart and Ward, 2009), and its status as a subspecies
of T. gaigeae is not well understood. Here, though, it groups with the United States Trachemys,
albeit not monophyletically with T. g. gaigeae.
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Phylogenetic Analysis 2
In the second analysis, the focus was on the fossils taxa (Fig. 40). Single representatives of
the modern deirochelyine genera were also part of the study for potential generic interpretations
of the fossils to go along with their interrelationships. The only fossil removed from the analysis
was ‘Trachemys’ nuchocarinata because it is believed to represent the emydine Terrapene (see
above). Aside from that, 31 taxa were scored using 317 characters (see Appendices 2 and 3). Of
the 31 taxa, one was a hypothetical ancestor, 6 were modern taxa representing the modern genera
of deirochelyine, and 24 were fossil taxa. Chrysemys timida came out as sister to all other
deirochelyine, with C. williamsi being sister to all others besides C. timida. Having ‘Chrysemys’
taxa fall out less derived within the Deirochelyinae is not unexpected and has been found in other
phylogenetic analyses (e.g., Stephens and Wiens, 2003a).
Following the two fossil species listed above, however, is a more complex tree with some
peculiarities. Trachemys idahoensis and T. delicata form a monophyletic group. As mentioned
above, the type of T. delicata is quite fragmentary, and is, undoubtedly, leading to problems in
its classification. In the emydid phylogeny presented above (Fig. 39), T. idahoensis falls out as
less derived within the ‘fossil deirochelyine’ clade. This agrees with the hypothesis that T.
idahoensis is a more basal deirochelyine fossil representative. It is, after all, from the
Hemphillian, when it appears that the Deirochelyinae was diversifying and giving rise to many
of the modern genera. Following this, the two Pseudograptemys taxa form a monophyletic
group. Again the two species group together, potentially supporting the hypothesis, as discussed
by Hutchison (1996), that they are synonymous.
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Figure 40. Phylogenetic analysis 2. Analysis of fossil scored deirochelyine taxa with modern
generic representatives. Strict consensus topology of most parsimonious reconstruction of
emydid relationships found in the phylogenetic analysis of 317 characters within 31 taxa. Tree
length equals 802 steps; consistency index equals 0.5125; homoplasy index equals 0.4875;
retention index equals 0.4462.
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The remaining taxa group together as part of a large, complex clade with more derived
deirochelyines. Less derived within this complex group is a clade with Malaclemys and
Graptemys. Graptemys kerneri, the fossil map turtle recently named by Ehret and Bourque
(2011), grouped together with G. pseudogeographica pseudogeographica. Malaclemys was
found to be sister to Graptemys. Following this is the lone modern Pseudemys in this analysis, P.
concinna concinna. No fossils grouped monophyletically with P. c. concinna. The small clade
containing Chrysemys limnodytes and T. trulla was found to be slightly more derived than P. c.
concinna. Chrysemys limnodytes was found in the first analysis (Fig. 39) to be less derived and
distinct from other emydids. Here, it groups with the Pleistocene taxa T. trulla, with the type of
the latter consisting of various plastron fragments (AMNH 3934).
A Chrysemys picta picta and Trachemys antiqua clade follows the C. limnodytes + T.
trulla clade. Trachemys antiqua was stated to represent a species of Chrysemys by Hutchison
(1996). Forming a distinct clade with the modern Chrysemys certainly supports the hypothesis by
Hutchison (1996). Following this ‘Chrysemys’ clade lies T. scripta scripta. It is unexpected to
have Chrysemys and Trachemys found this close to each other. As found in the first analysis
(Fig. 39), T. scripta appears to be a less derived member of the genus. With Chrysemys
commonly considered less derived within the Deirochelyinae, it is more feasible to have these
two taxa fall out closer to each other phylogenetically.
Two distinct clades are formed within the more derived regions of the tree. One includes
fossils referred to Trachemys, including the GFS Trachemys. Trachemys inflata and T. euglypha
form a monophyletic group within this clade. Sister to T. inflata + T. euglypha lies the
Pleistocene taxon T. petrolei. Following T. petrolei are the GFS Trachemys and T.
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platymarginata. This derived clade may be a bit more distinct without the more fragmentary taxa
(T. bisornata and T. petrolei) present but still shows a relatively southern clade, with fossils from
these taxa present in Tennessee, Texas, and Florida.
The second distinct clade within the more derived regions of the tree contains (Trachemys
hillii + T. bisornata) + (T. sculpta + Chrysemys carri + (Pseudemys caelata + T. jarmani) + (P.
extincta + Deirochelys floridana) + (D. reticularia + D. carri)). While T. bisornata is only
known from fragmentary material, it is worth noting that the type of T. hillii is from Kansas and
the type of T. bisornata is from Texas, both from the midwestern United States. The latter clade,
[(T. sculpta + Chrysemys carri + (Pseudemys caelata + T. jarmani) + (P. extincta + Deirochelys
floridana) + (D. reticularia + D. carri))] follows the idea that Deirochelys groups together, along
with P. extincta. In this analysis, however, P. extincta was found to be sister to D. floridana.
Pseudemys caelata and T. jarmani again grouped together, with sister taxa again being C. carri
and T. sculpta. Trachemys trulla, as stated above, does not fall out with this group, and instead
groups with C. limnodytes in this second analysis. Otherwise it is similar to the clade containing
Deirochelys found in the first analysis.

Phylogenetic Analysis 3
The final analysis focused on the relationships within Trachemys (Fig. 41). Two taxa,
Trachemys antiqua and Chrysemys limnodytes, were found to be less derived and sister to the
major clade making up the tree. Trachemys antiqua was transferred to the genus Chrysemys by
Hutchison (1996), so its position on the tree is not unexpected. Chrysemys limnodytes, as can be
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Figure 41. Phylogenetic analysis 3. Analysis of all scored potential Trachemys taxa, both
modern and fossil. Strict consensus topology of most parsimonious reconstruction of emydid
relationships found in the phylogenetic analysis of 317 characters within taxa. Tree length equals
861 steps; consistency index equals 0.4483; homoplasy index equals 0.5517; retention index
equals 0.5123.
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seen from the previous analyses, is commonly found to be less derived and, similar to the first
analysis, lies by itself outside of other clades.
The rest of the tree is made up of two distinct clades. Unfortunately these are split apart,
almost exclusively, between fossil and modern taxa. The only inconsistency to this, however, is
the presence of Trachemys delicata from the Pleistocene of Florida, within the modern clade.
Again though, T. delicata is only represented by a 4th costal, so its position in the tree is tenuous.
Similar to the first analysis, most species of modern Trachemys are recovered as monophyletic.
Notable exceptions include T. ornata, which was found to be polyphyletic again, and the two
currently recognized subspecies of T. gaigeae, which did not form a monophyletic group, unlike
the first analysis. Trachemys gaigeae hartwegi, in fact, was recovered as the sister taxon to all
other modern Trachemys.
Fossils of Trachemys (or presumed fossil of Trachemys) made up the second distinct
clade. However, it is important to note the relationships recovered from this third analysis.
Trachemys platymarginata and the GFS Trachemys came out as derived sister taxa, with T.
inflata sister to them. Sister to T. inflata + (GFS Trachemys + T. platymaringata) was T. petrolei
+ (T. hillii + T. bisornata). As in the above analyses, T. hillii and T. bisornata formed a
monophyletic group. Similar to the first analysis, T. petrolei was sister to this group. Trachemys
trulla and T. idahoensis were found to be less derived than other fossils within this clade, with
the latter commonly recovered relatively basal among the represented fossil taxa.
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Discussion/Conslusions
Other than the four final characters scored as part of this character set, these analyses
show the morphologic (osteological and soft-tissue) relationships within emydids. The focus was
on the later Cenozoic and modern genera and their closest fossil relatives, so taxa such as
Echmatemys, Hybemys, and Palaeotheca (Hay, 1908) were excluded. Pseudograptemys was
included, but this was mainly because it was, at various times, considered to represent fossil
forms of modern genera (Hutchison, 1996). It is also of note that many taxa throughout the years
have been referred to the genus Chrysemys. Examples of these include the taxa “Chrysemys”
testudiniformis (“Emys” testudiniformis) and “Chrysemys” bicarinata (“Emys” bicarinata) (see
Owen, 1842; Owen and Bell, 1849; Lydekker, 1889). Both these taxa are from the Isle of
Sheppey in England and neither is believed to be an emydid but instead thought to be a
geoemydid. As has become common practice, these species were transferred to a new genus, in
this case Owenemys (Hervet, 2004). These are believed to represent fossil geoemydids. The only
Old World member of the Emydidae is currently Emys orbicularis.
The Emydinae was recovered as monophyletically in the first analysis. ‘Trachemys’
nuchocarinata, already suggested to be Terrapene by Auffenberg (1958), was recovered within
the Terrapene clade. Its basal position within that clade could simply be due to a lack of
material. More fossil Terrapene may contribute to the understanding of this as well. The
Deirochelyinae was also recovered, although relationships within the subfamily are not as
distinct for all groups. While most of the modern taxa grouped together distinctly, Trachemys did
not. The fossil representatives also tended to group together and separate from the modern
representatives. This may be due to a lack of soft-tissue characters being scored for the fossil
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taxa, skewing the results. However, unscored characters, while potentially taking the robustness
of the data set down somewhat, should not skew the resulting relationships. Therefore,
something else may be affecting the results, but more information is needed.
Among the fossil taxa there are several interesting results. Chrysemys limnodytes seems
to hold a fairly unique position on most trees. It is commonly considered less derived then many
of the other fossil taxa, and may represent a distinct lineage that is no longer present within
modern genera. A few taxa are consistently recovered close together and/or in the same clade.
This includes the two more aberrant Florida taxa (Trachemys inflata and T. platymarginata),
along with the GFS Trachemys. These taxa seem to show a more extreme version of some of the
morphology present today in Trachemys, Graptemys, and even some Pseudemys.
Most of the modern species of Trachemys were recovered as monophyletic too based on
their morphology. Trachemys ornata, which was recently given several new subspecies based on
the genetic phylogenetic work of Fritz et al. (2012), was not recovered as monophyletic. Fritz et
al. (2012) did not use all modern Trachemys taxa and, instead, focused on several Central
American taxa. A more complete analysis with all, or almost all, of the recognized taxa within
Trachemys may clarify this issue.
These analyses offer one of the most indepth looks at the relationships of emydids,
especially when investigating those of both the modern and the fossil representatives. The GFS
Trachemys consistently is recovered as a derived member that groups with both T. inflata and T.
platymarginata, along with various other fossil taxa. Further information is needed to find how
these fossil taxa truly relate to the modern genera. In conjunction with the fossils, more
information is needed for relationships within the Deirochelyinae. It appears that many of its
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members are highly plastic morphologically, which may be one reason Trachemys has been able
to establish itself through introduced populations around the world (e.g., Fritz et al., 2012).
Several fragmentary fossil taxa should probably be considered nomena dubia as well. These
fossils do little to further our knowledge of these relationships and perhaps only ‘muddy the
waters’. Nevertheless, while my analyses show morphologic relationships within these turtles,
more information on potential convergences are important to discover the true nature of how
these turtles relate to each other.
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APPENDICES
APPENDIX A
Specimens Examined
Specimens listed are those used for this study. They were used for scoring characters and doublechecking previously scored characters for various taxa. It is apparent that all scoring should be
double-checked when using someone else’s scores in any phylogenetic analysis. Many of the
more tropical species were not rescored because specimens or individuals could not be acquired.
Several of the scute and soft-tissue characters for modern species were scored from photographs.
Any time this latter method was used, a positive and confident identification was given to the
turtle in each photograph beforehand. If this could not be done, then the photographs were not
used. See Chapter 4 for the Trachemys species review and characters used to identify different
species and subspecies. Specimen numbers that are bold and underlined represent type
specimens.

Institutional Abbreviations: ACM, Pratt Museum of Natural History, Amherst College,
Amherst, USA; AMNH, American Museum of Natural History, New York, USA; ANSP,
Academy of Natural Sciences, Philadelphia, USA; CM, Carnegie Museum of Natural History,
Pittsburgh, USA; ETMNH, East Tennessee State University and General Shale Brick Natural
History Museum, Gray, USA; ETVP, East Tennessee State University, Vertebrate Paleontology
Laboratory, Department of Geosciences, Johnson City, USA; KUVP, The University of Kansas
Natural History Museum and Biodiversity Research Center, Lawrence, Kansas, USA; MSUVP,
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Michigan State University Museum, East Lansing, USA; SDSM, Museum of Geology, South
Dakota School of Mines and Technology, Rapid City, USA; SEJ V, reference collection of the
author, Steven E. Jasinski; UCM, University of Colorado Museum, Boulder, USA; UF,
University of Florida, Florida Museum of Natural History, Gainesville, USA; UF/TRO,
specimens formerly in the collection of the Timberlane Research Organization, Lake Wales,
Florida, now housed at the Florida Museum of Natural History, Gainesville, USA; UNSM,
University of Nebraska State Museum, Lincoln, USA; USNM, United States National Museum
of Natural History, Smithsonian Institution, Washington, D.C., USA; YPM-PU, Yale Peabody
Museum - Princeton collection, New Haven, USA.
GEOEMYDIDAE:
Chinemys reevesii: ETVP 9720, 9721.
Heosemys spinosa: ETVP 9722, 9723, 9724, 9725, 9726.
Malayemys subtrijuga: ETVP 9727, 9728.
Mauremys caspica: ETVP 9729, 9730.
Mauremys mutica: ETVP 9731.
Notochelys platynota: ETVP 9732, 9733.
Sacalia bealei: ETVP 9734.

KINOSTERNIDAE:
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Kinosternon subrubrum: ETVP 529, 9751, 9752, 9753, 9754, 9755, 9756, 9757, 9758,
9759, 9760, 9761, 9762, 9763, 9764, 9765, 9766. SEJ V-21.
Sternotherus odoratus: ETVP 511, 5894, 5896, 9735, 9736, 9737, 9738, 9739, 9740,
9741, 9742, 9743, 9744, 9745, 9746, 9747, 9748, 9749, 9750. SEJ V-8, 22.

Modern EMYDIDAE:
Actinemys marmorata: ETVP 9522, 9523, 9524, 9525, 9526, 9527, 9528, 9529, 9530,
9557.
Chrysemys picta: ETVP 5003, 9673, 9679, 9683, 9684, 9685, 9687, 9688, 9689, 9693.
USNM 9970, 68787, 220848, 220849, 220853.
Chrysemys picta bellii: ETVP 9672, 9674, 9677.
Chrysemys picta marginata: ETVP 9676. SEJ V-13.
Chrysemys picta picta: ETVP 9671, 9675, 9678, 9680, 9682, 9686, 9690, 9691, 9692.
USNM 167537.
Clemmys guttata: ETVP 9538, 9539, 9540. SEJ V-10.
Deirochelys reticularia: ETVP 9694, 9695, 9696, 9697, 9698. SEJ V-9, 20.
Emydoidea blandingii: ETVP 9531, 9532, 9533, 9534, 9535, 9536, 9537.
Emys orbicularis: ETVP 9521.
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Glyptemys insculpta: ETVP 9541, 9542, 9543, 9544, 9545, 9546, 9599.
Glyptemys muhlenbergii: ETVP 9547, 9548.
Graptemys sp.: ETVP 9608, 9609, 9714.
Graptemys caglei: ETVP 9645.
Graptemys nigrinoda: ETVP 9610.
Graptemys pseudogeographica kohnii: ETVP 9715.
Graptemys pseudogeographica pseudogeographica: ETVP 532, 9712, 9713.
Malaclemys terrapin: ETVP 9699, 9701, 9702, 9704, 9706, 9707, 9709.
Malaclemys terrapin centrata: ETVP 9700, 9703.
Malaclemys terrapin terrapin: ETVP 9705, 9708, 9710, 9711.
Pseudemys sp.: ETVP 9635, 9641, 9667.
Pseudemys concinna concinna: ETVP 576, 9634, 9642, 9643. SEJ V-1. USNM 60895,
521238.
Pseudemys concinna floridana: ETVP 9636, 9637, 9638. USNM 28840, 94981, 103731,
107636, 137595, 137599, 137605, 222391, 328475,328476, 328477, 335647.
Pseudemys gorzugi: USNM 16483, 26424.
Pseudemys nelsoni: USNM 310748, 310749, 310750, 310751, 310752, 310753, 310756,
310757, 310758, 328478, 328479, 335593, 335595, 335597, 335598.
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Pseudemys peninsularis peninsularis: USNM 310130, 310131, 310132, 310133, 310134,
310135, 310136, 310136, 310137, 310138, 310139, 310730, 310734.
Pseudemys rubriventris: ETVP 9639, 9640. USNM 222398, 222399.
Pseudemys texana: USNM 328484.
Terrapene sp.: ETVP 154, 155, 156, 157, 158, 159, 305, 306, 376, 2716, 9600, 9601,
9602, 9605, 9606, 9624, 9625, 9626, 9627, 9633, 9799.
Terrapene coahuila: ETVP 9567.
Terrapene carolina: ETYP 273, 275, 276, 277, 410, 2717, 6598, 7504, 7505, 7174, 9603,
9607, 9619, 9620, 9621, 9622, 9623, 9628, 9629, 9630, 9632.
Terrapene carolina bauri: ETVP 9575, 9576, 9577, 9578, 9579, 9580.
Terrapene carolina carolina: ETVP 412, 452, 513, 9597, 9598, 9611, 9612, 9613, 9614,
9615, 9616, 0617, 9618. SEJ V-4, 5, 6, 7, 14.
Terrapene carolina major: ETVP 9581, 9582, 9583, 9584, 9585, 9586, 9587, 9588, 9589,
9590, 9591, 9592, 9593, 9594, 9595, 9596, 9604.
Terrapene carolina mexicana: ETVP 9569.
Terrapene carolina triunguis: ETVP 9570, 9571, 9572, 9573, 9574.
Terrapene nelsoni nelsoni: ETVP 9568.
Terrapene ornata: ETVP 9553 (hybrid T. o. luteola x T. o. ornata), 9562, 9563, 9564,
9565, 9566, 9631.
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Terrapene ornata luteola: ETVP 9549, 9550, 9551, 9552.
Terrapene ornata ornata: ETVP 5889, 9554, 9555, 9556, 9558, 9559, 9560, 9561.
Trachemys sp.: ETVP 152, 9650, 9653, 9668. USNM 13908, 13909.
Trachemys decorata: USNM 63096.
Trachemys decussata decussata: USNM 10173.
Trachemys gaigeae gaigeae: ETVP 9659. USNM 61216.
Trachemys scripta: ETVP 378, 5772, 5887, 7327, 7328, 7335, 7338, 9644, 9649, 9652,
9658, 9660, 9681. USNM 7601, 8912, 11639, 14069, 14110, 15445, 51358,
51534, 55341, 91045, 91203, 91238, 91240, 91307, 91308, 92065, 92507, 92532,
94378, 94379, 94380, 94381, 94382, 94383, 94384, 94385, 94386, 94387, 95139,
95184, 95277, 95287, 95310, 95344, 95378, 95379, 100166, 100167, 100168,
100169, 100345, 100346, 100348, 100352, 100355, 100356, 100426, 100427,
100428, 100429, 100430, 100431, 100432, 100433, 100434, 100435, 100436,
100437, 100438, 100439, 247986, 222425, 247987, 247988, 521186.
Trachemys scripta elegans: ETVP 9646, 9647, 9648, 9655, 9656, 9657, 9661, 9662,
9663, 9664, 9665, 9666. SEJ V-11, 12. USNM 245632.
Trachemys scripta scripta: ETVP 9651, 9669, 9670.
Trachemys ornata callirostris: SEJ V-15.
Trachemys ornata chichiriviche: SEJ V-16, 17, 18.
297

Trachemys ornata ornata: ETVP 9654. USNM 46281.
Trachemys terrapen: USNM 10351, 10352, 10353, 42877, 73640, 79666, 79667, 79668,
79669, 108242, 222431, 340310.
Trachemys stejnegeri vicina: SEJ V-19.
Trachemys venusta venusta: USNM 564160.

Fossil EMYDIDAE (Type specimens are bold and underlined):
Chrysemys carri: UF 9427, 9424, 9425, 9426, 11027, 11029, 11036, 11083, 11086,
11090, 11093, 11095, 20066, 20870, 20882, 20883.
Chrysemys limnodytes: KUVP 7676.
Chrysemys picta: AMNH 27464. UF 210023. USNM 256622, 508574, 508578.
Chrysemys timida: YPM-PU 10853.
Chrysemys williamsi: UF 11561, 11089, 11562, 11563.
Deirochelys carri: UF 20908, 6485, 19204, 20887, 20890, 20891, 20899, 20900, 20903,
20906, 24100. AMNH 12995, 12997, 13000, 13777.
Deirochelys floridana: USNM 16679, 16680.
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Graptemys kerneri: UF 239000, 10572, 19161, 235104, 238540, 238541, 238542,
238543, 238544, 239751, 239754, 239759, 245008, 246202, 246206, 246211,
254852, 255356. UF/TRO 100.
Pseudemys caelata: USNM 2508, 6064, 10322. AMNH 12992, 12993, 12999. UF 3410,
3415, 3416, 3417, 3418, 3420, 3421, 3423, 3425, 3426, 3427, 3537, 20870.
Pseudemys extincta: USNM 16678.
Pseudemys floridana: USNM 8829 (type of P. f. persimilis).
Pseudograptemys cordifera: YPM-PU 13838.
Pseudeograptemys inornata: ACM 3607. SDSM 10053, 27727, 28130.
Trachemys sp.: MSUVP 831, 833, 868. UNSM 56909.
Trachemys antiqua: YPM-PU 12839. CM 2053, 27434. SDSM 406, 2754, 3632, 4062,
27726, 27728, 60161. UCM 24708, 48599.
Trachemys bisornata: 1-3 specimens from ANSP, presumably including type material.
UF 1755, 3735, 3740.
Trachemys delicata: USNM 8823, 11312.
Trachemys euglypha: UF 5775. 2 specimens from WFI, including holotype.
Trachemys hillii: AMNH 2425.
Trachemys idahoensis: USNM 12059, 12060, 12232, 15167.
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Trachemys inflata: UF 12460, 11279, 11280, 11281, 11581, 13214, 16570, 16578,
16579, 18911, 32016, 53910, 55856, 55903, 55911, 55988, 55989, 55990, 55991,
57353, 58074, 58374, 58375, 58404, 58405, 58417, 62055, 65666, 65710, 65740,
65745, 65746, 67967, 67969, 68002, 68029, 90368, 91107, 91108, 91124, 97028,
97029, 101901, 101938, 101995, 103662, 103663, 103664, 103702, 117397,
123830, 130076, 130109, 131914, 131915, 133927, 133928, 208027, 208388,
220617, 220618, 220619, 220620, 220621, 220622, 220623, 220624, 220625,
220626, 220627, 220628, 220629, 220630, 220631, 220632, 220633, 220634,
220635, 220636, 220637, 220638, 220639, 220640, 220641, 220642, 220643,
220644, 220645, 220646, 220647, 220648, 220649, 220650, 220651, 220652,
220653, and > 250 unnumbered specimens.
Trachemys jarmani: USNM 16671, 16672, 16673.
Trachemys nuchocarinata: USNM 8830, 11384, 11849, 11850. UF 4437, 5817.
Trachemys petrolei: AMNH 3933. > 10 unnumbered in UF collections.
Trachemys platymarginata: UF 10046, 10047, 10048, 10277, 10427, 21888, 21892,
21963, 24099, 124229, 162745, 210027, 210029, 210030, 210031, 212658,
212660, 212665, 212666, 212668, 212670, 212671, 212674, 212675, 212677,
212678, 213818, 213819, 214656, 249003, 254501, 254502, 254769, 254850,
256061, > 15 unnumbered specimens. USNM 454823, 454824.
Trachemys scripta: AMNH 13100. UF 21747, 21919. USNM 256623, 508575, 508576.
Trachemys sculpta: USNM 16681, 11839, 16682, 16683, 16684, 16685. UF 3740, 7102.
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Trachemys trulla: AMNH 3934.
GFS Trachemys: ETMNH-8549, 283, 296, 721, 3522, 3558, 3560, 3562, 4686, 6935,
6936, 7502, 7629, 7630, 7654, 7665, 7688, 7689, 7690, 8311, 8550, 8735, 10390,
10391, 10547, 11642, 11643, 12265, 12424, 12456, 12457, 12522, 12726, 12727,
12753, 12772, 12832, 12833, 12834, 12979, 12988, 13032, 13033, 13036.
Total ETVP specimens: 291 modern specimens.
Total USNM specimens: 138 modern specimens.
SEJ V- specimens: 20 modern specimens.
Plus living specimens (personal and Paul Vander Schouw).
Fossil Total types: 25 type specimens.
Modern Total Specimens (not including living individuals): 449.
Fossil Total specimens (plus types): 594.
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APPENDIX B
Character Descriptions for Phylogenetic Analyses
A total of 317 characters were scored (or attempted to be scored) for all within the study.
Character scores from Stephens and Wiens (2003a) were transferred from their frequency bin
scoring into ‘numbered’ scoring. Scoring was done with ‘a,b’ or up to 8% of a species sample
changed to 0, from 9%-91% changed to 1, and ‘x,y’ or 92%-100% changed to 2. When
‘1=mixture’, then this means that the % is 9%-91%. Newly formed and scored characters include
characters 23, 53, 68, 86, 130, 137, 140, 142, 143, 144, 145, 158, 163, 164, 165, 174, 175, 202,
205, 206, 213, 218, 219, 232, and 233. Numerous other characters were combined, rescored, and
rewritten and that information can be found with each individual character. Characters that state
a feature “when present” are scored as a ‘?’ if that character is absent.
References used for characters, character acquisition, and for some character scores
include: Bojanus, 1819; Hay, 1908; White, 1929; Galbreath, 1948; Tinkle, 1962; McDowell,
1964; Weaver and Robertson, 1967; Weaver and Rose, 1967; Adler, 1968a; Parsons, 1968; Moll
and Legler, 1971; Zug, 1971; Ernst and Barbour, 1972; Bramble, 1974; Winokur and Legler,
1975; Jackson, 1977; Jackson, 1978b; Killebrew, 1979; Pritchard, 1979; Dobie, 1981; Bertl and
Killebrew, 1983; Seidel and Inchaustegui Miranda, 1984; Ward, 1984; Seidel and Jackson, 1986;
Gaffney & Meylan, 1988; Jackson, 1988; Seidel, 1988; Ernst and Barbour, 1989; Ernst, 1990;
Gibbons and Lovich, 1990; Legler, 1990; Seidel and Jackson, 1990; Seidel and Palmer, 1991;
Seidel, 1994; Burke et al., 1996; Minx; 1996; Seidel et al., 1999; Ultsch et al., 2001; Seidel,
2002; Stephens and Wiens, 2003a; Bonin et al., 2006; Joyce, 2007; Buhlman et al., 2008; Ernst
and Lovich, 2009; McCord et al., 2010, Sterli and de la Fuente, 2011. Character set-up is the
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same as used by Joyce (2007). See Appendix 1 for newly scored and utilized specimens. See
Appendix 3 for the character scores and character matrix.

Cranium
CHARACTER 1: Skull A
Character definition. Cranium (Seidel and Smith, 1986; Seidel and Jackson, 1990, 1): 0 =
elongate and shallow; 1 = short and deep.
CHARACTER 2: Skull B
Character definition. Maximum cranium depth/condylobasal length (Seidel, 2002, F): 0 = less
than 0.315; 1 = greater than (or equal to) 0.315.
Nasal
CHARACTER 3: Nasal A
Character definition. Narial opening of cranium (Weaver and Rose, 1967; Seidel and Smith,
1986; Seidel, 2002, V): 0 = relatively wide; 1 = relatively narrow.
Orbit
CHARACTER 4: Orbit A
Character definition. Orbit relative size (Seidel and Smith, 1986): 0 = small; 1 = large.
Prefrontal
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CHARACTER 5: Prefrontal A
Character definition. Fissura ethmoidalis (between descending processes of prefrontals)
(McDowell, 1964, 13): 0 = broadly triangular; 1 = abruptly narrow beneath the small round
dorsal passage for olfactory and profundus nerves, so as to be keyhole-shaped.
CHARACTER 6: Prefrontal B
Character definition. Lateral edges of prefrontal (Burke et al., 1996, 22; Stephens and Wiens,
2003a, 50), in dorsal view: 0 = taper anteriorly; 1 = mixture; 2 = not tapered, lateral edges
parallel or form hourglass shape.
Frontal
CHARACTER 7: Frontal A
Character definition. Minimum interorbital distance (McDowell, 1964; Stephens and Wiens,
2003a, 51): 0 = wider than nasal chamber; 1 = mixture of wider or narrower than nasal chamber;
2 = narrower than nasal chamber.
CHARACTER 8: Frontal B
Character definition. Prefrontal process of frontal (Bertl and Killebrew, 1983; Stephens and
Wiens, 2003a, 52): 0 = absent; 1 = mixture; 2 = present.
CHARACTER 9: Frontal C
Character definition. Anterior termination of prefrontal process of frontal, when prefrontal
process present (Stephens and Wiens, 2003a, 53):0 = blunt or rounded; 1 = mixture; 2 = acute.
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CHARACTER 10: Frontal D
Character definition. Interorbital width of cranium (Seidel, 1988, 8): 0 = less than 15.0% of the
condylobasal length; 1 = more than 15.0% of the condylobasal length.
CHARACTER 11: Frontal E
Character definition. Frontal (McDowell, 1964; Stephens and Wiens, 2003a, 54), in dorsal
view: 0 = reaches orbital margin; 1 = mixture; 2 = does not contact orbital margin. Note that
Stephens and Wiens (2003a) had this scored in reverse, so their scoring had to be switched.
Parietal
CHARACTER 12: Parietal A
Character definition. Anterior border of processus inferior parietalis (McDowell, 1964, 5;
Seidel and Smith, 1986; Seidel and Jackson, 1990, 2; Stephens and Wiens, 2003a, 63): 0 =thin,
with single attachment to the pterygoid medial to Vidian canal, anterior end of epipterygoid
equals or exceeds inferior process in anterior extent, forming lateral part of wall of the anterior
end of the Vidian canal; 1 = mixture; 2 =thick, width at least one quarter the distance between
posterior margins of right and left interorbital foramina, and with the anterior end of the Vidian
canal between anterior border of processus inferior parietalis and epipterygoid, epipterygoid
shortened anteriorly, its anterior end lying behind the thickened anterior edge of the inferior
process of the parietal.
CHARACTER 13: Parietal B
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Character definition. Crista praetemporalis, dorso-ventral ridge along the posterior margin of
the fossa temporalis, near parietal-prootic suture (McDowell, 1964; Stephens and Wiens, 2003a,
62): 0 = small to absent; 1 = mixture; 2 = present and consisting of heavy, enlarged area of
spongy bone, with width 1/2 or more that of the posterior margin of fossa temporalis. After
preliminary analysis the character ‘presence or absence of the crista praetemporalis’ was
discarded because it showed approximately the same pattern of inter-taxon variation but was
more difficult to define unambiguously.
Jugal
CHARACTER 14: Jugal A
Character definition. Jugal (Bertl and Killebrew, 1983; Stephens and Wiens, 2003a, 55), in
lateral view: 0 = does not reach orbit; 1 = mixture; 2 = contributes to orbit.
CHARACTER 15: Jugal B
Character definition. Jugal (Gaffney and Meylan, 1988; Stephens and Wiens, 2003a, 66): 0 =
does not contact palatine, jugal cut off from palatine by maxilla; 1 = mixture; 2 = contacts
palatine.
CHARACTER 16: Jugal C
Character definition. Jugal (McDowell, 1964, 12; Burke et al., 1996, 23; Stephens and Wiens,
2003a, 68): 0 = does not contact pterygoid; 1 = mixture; 2 = contacts pterygoid at posterior of
palate in area of fossa temporalis.
Zygomatic Arch
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CHARACTER 17: Zygomatic Arch A
Character definition. Zygomatic arch (Minx, 1996, ZA; Stephens and Wiens, 2003a, 59): 0 =
absent; 1 = present.
CHARACTER 18: Zygomatic Arch B
Character definition. Zygomatic arch (Seidel and Smith, 1986; Seidel, 2002, U): 0 = relatively
wide; 1 = relatively narrow.
Quadratojugal
CHARACTER 19: Quadratojugal A
Character definition. Quadratojugal (Stephens and Wiens, 2003a, 60): 0 = absent; 1 = mixture;
2 = present.
CHARACTER 20: Quadratojugal B
Character definition. Quadratojugal, when present (Burke et al., 1996, 21; Stephens and Wiens,
2003a, 61): 0 = reduced, contacting quadrate but not to jugal; 1 = mixture; 2 =contacts both jugal
and quadrate.
Squamosal
CHARACTER 21: Squamosal A
Character definition. Squamosal (noted by McDowell, 1964, 9, to be =quadratojugal of most
earlier authors): 0 = weakly joined to surrounding bones by sutures with little squamous overlap,
relatively small, and apparently slightly kinetic, its anterior and nearer to the tympanic cavity
307

than the orbit, jugal contact, if present, taking up less than half the anterior border of the
squamosal; 1 = large and firmly anchored to the surrounding bones by sutures with extensive
squamous overlap, its anterior end nearer to orbit than to the tympanic cavity, most of its anterior
border firmly joined to jugal and most of its dorsal border firmly joined to the postorbital.
CHARACTER 22: Squamosal B
Character definition. Squamosal (Seidel, 1988; Seidel, 2002, H): 0 = tapered posterodorsally; 1
= intermediate; 2 = blunt posterodorsally.
CHARACTER 23: Squamosal C
Character definition. Squamosal: 0 = reduced, anteriorly does not contact the posterior edge of
the postorbital; 1 = enlarged, anteriorly does contact the postorbital. Note that an enlarged
squamosal means that the quadratojugal is reduced and does not reach the dorsal-most ridge of
the zygomatic arch.
Postorbital
CHARACTER 24: Postorbital A
Character definition. Postorbital length (arch) of cranium (Seidel, 1988, 9): 0 = more than
15.5% of the condylobasal length ; 1 = less than 15.5% of the condylobasal length.
Premaxilla
CHARACTER 25: Premaxilla A
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Character definition. Posteriorly directed process of premaxilla in nasal chamber (Killebrew,
1979; Stephens and Wiens, 2003a, 49): 0 = absent (0); 1 = mixture; 2 = present. When present,
the process is visible through the fossa nasalis (Stephens and Wiens, 2003a).
CHARACTER 26: Premaxilla B
Character definition. Premaxillary height of cranium (Seidel, 1988, 10): 0 = more than 7.5% of
the condylobasal length; 1 = less than 7.5% of the condylobasal length.
CHARACTER 27: Premaxilla C
Character definition. Anteroventral border of premaxilla (Weaver and Rose, 1967; Minx, 1996,
PR; Stephens and Wiens, 2003a, 29): 0 = smooth; 1 = smooth but with notch; 2 = notched, notch
defined by two cusps; 3 = hooked beak.
Maxilla
CHARACTER 28: Maxilla A
Character definition. Maxilla (McDowell, 1964; Stephens and Wiens, 2003a, 65): 0 = separated
from quadratojugal by jugal; 1 = mixture; 2 = has posterior process that contacts quadratojugal.
The description of this character follows McDowell (1964) except that the element referred to
here is the quadratojugal (following Gaffney, 1979), which was described and figured as the
squamosal by McDowell (1964).
CHARACTER 29: Maxilla B
Character definition. Maxilla and squamosal united in (Weaver and Rose, 1967): 0 = less than
or equal to 50% of specimens; 1 = more than 50% of specimens.
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CHARACTER 30: Maxilla C
Character definition. Tomial edge of the maxilla (Seidel, 1988, 12): 0 = tapered inward
(linguilly); 1 = flared laterally (labially), not tapered inward (lingually).
CHARACTER 31: Maxilla D
Character definition. Posteroventral surface of upper jaw (Stephens and Wiens, 2003a, 31): 0 =
not serrated; 1 = mixture; 2 = serrated.
CHARACTER 32: Maxilla E
Character definition. Cutting surface of upper jaw (Weaver and Rose, 1967; Seidel and Smith,
1986; Seidel and Jackson, 1990, 7; Seidel, 2002, T): 0 = anterior cusp present on median ridge; 1
= not cusped but medially lacks a shallow notch or angle; 2 = not cusped but medially forms an
angle or shallow notch.
CHARACTER 33: Maxilla F
Character definition. Median maxillary ridge on triturating surface of upper jaws (Weaver and
Rose, 1967; Gaffney and Meylan, 1988; Seidel and Smith, 1986; Seidel and Jackson, 1990, 5;
Stephens and Wiens, 2003a, 26): 0 = absent, nearly flat surface; 1 = mixture; 2 = present.
CHARACTER 34: Maxilla G
Character definition. Concavities medial to maxillary ridge (Gaffney and Meylan, 1988;
Stephens and Wiens, 2003a, 27): 0 = absent; 1 = mixture; 2 = present. Note this character is
scored as unknown (‘?’) if maxillary ridge is absent (scored ‘0’ for character 33).
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CHARACTER 35: Maxilla H
Character definition. Number of concavities medial to maxillary ridge (Gaffney and Meylan,
1988; Stephens and Wiens, 2003a, 28): 0 = one; 1 =two. Note this character is scored as
unknown (‘?’) if maxillary ridge is absent (scored ‘0’ for character 33).
CHARACTER 36:Maxilla I
Character definition. Triturating surfaces of upper jaws (Weaver and Rose, 1967): 0 = thin; 1 =
wide.
CHARACTER 37: Maxilla J
Character definition. Foramen orbito-nasal (Stephens and Wiens, 2003a, 19): 0 = equal in size
to or smaller than palatine process of vomer; 1 = mixture; 2 = large opening with width greater
than or equal to that of palatine process of vomer.
CHARACTER 38: Maxilla K
Character definition. Foramen orbito-nasal (Stephens and Wiens, 2003a, 20): 0 = not bisected,
only one opening present; 1 = mixture; 2 = bisected partially or completely by thin process of
palatine.
CHARACTER 39: Maxilla L
Character definition. Shape of foramen orbito-nasal (Stephens and Wiens, 2003a, 21): 0 =
elongate anteriorly and posteriorly, diameter of longitudinal axis two or more times diameter of
perpendicular axis; 1 = mixture; 2 = rounded with length and width subequal .
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Vomer
CHARACTER 40: Vomer A
Character definition. Contact of vomer with pterygoids (Stephens and Wiens, 2003a, 15): 0 =
vomer does not come to a distinct point at contact with pterygoids on ventral surface of palate,
suture is broadly rounded at contact or forms jagged horizontal line; 1 = vomer tapers to a single
point at contact with pterygoids, and often flared just anterior to contact; 2 = vomer bifurcate at
contact with pterygoids; 3 = vomer trifurcate; 4 = vomer with four distinct points; 5 = vomer
with five distinct points.
CHARACTER 41: Vomer B
Character definition. Vomer–pterygoid contact occurs (Stephens and Wiens, 2003a, 16): 0 = at
posterior border of palate; 1 = mixture; 2 = anterior to posterior border of palate.
CHARACTER 42: Vomer C
Character definition. Vomer (McDowell, 1964; Stephens and Wiens, 2003a, 25): 0 = does not
contribute to triturating surface; 1 = mixture; 2 = contributes to triturating surface.
Palatine
CHARACTER 43: Palatine A
Character definition. Ventromedial surface of palate (Stephens and Wiens, 2003a, 14): 0 = flat;
1 = mixture; 2 = depressed.
CHARACTER 44: Palatine B
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Character definition. Foramen palatinum posterius size (McDowell, 1964; Burke et al., 1996,
18): 0 = presence of a small fenestra; 1 = expanded into a large fenestra.
CHARACTER 45: Palatine C
Character definition. Size of foramen palatinum posterius relative to apertura narium interna
(Seidel and Smith, 1986; Seidel and Jackson, 1990; 8): 0 = large; 1 = small.
CHARACTER 46: Palatine D
Character definition. Foramen palatinum posterius (Burke et al., 1996, 18; Stephens and
Wiens, 2003a, 17): 0 = narrower than or equal to palatine process of vomer; 1 = mixture; 2 =
wider than palatine process of vomer. In the latter case the foramen usually consists of a large
opening defined by a thin membranous palatine.
CHARACTER 47: Palatine E
Character definition. Foramen palatinum posterius (Stephens and Wiens, 2003a, 18): 0 =
occurs at bottom of deep furrow formed by posteroventral projections of palatine and maxilla; 1
= mixture; 2 = is clearly visible. In the latter case the foramen occurs in a flat surface of bone or
in a shallow depression (Stephens and Wiensa, 2003).
CHARACTER 48: Palatine F
Character definition. Foramen palatinum posterius (Gaffney and Meylan, 1988; Stephens and
Wiens, 2003a, 22): 0 = larger than size of foramen orbito-nasal; 1 = mixture; 2 = smaller or same
size as foramen orbito-nasal.
CHARACTER 49: Palatine G
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Character definition. Palatine (Gaffney and Meylan, 1988; Stephens and Wiens, 2003a, 24): 0
= excluded entirely from triturating surface of skull; 1 = mixture; 2 = not excluded from
triturating surface.
CHARACTER 50: Palatine H
Character definition. Foramina praepalatinum (McDowell, 1964; Stephens and Wiens, 2003a,
30): 0 = exposed ventrally; 1 = mixture; 2 = not visible ventrally.
CHARACTER 51: Palatine I
Character definition. Parietal-palatine contact (McDowell, 1964; Burke et al., 1996, 19;
Stephens and Wiens, 2003a, 64): 0 = absent, elements separated by pterygoid; 1 = mixture; 2 =
contact occurs.
Epipterygoid
CHARACTER 52: Epipterygoid A
Character definition. Epipterygoid (Gaffney and Meylan, 1988; Stephens and Wiens, 2003a,
67): 0 = does not contact jugal; 1 = mixture; 2 = contacts jugal at posterior of palate.
Pterygoid
CHARACTER 53: Pterygoid A
Character definition. Pterygoids (mediolaterally): 0 = narrow and/or thin; 1 = broad and/or
wide.
CHARACTER 54: Pterygoid B
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Character definition. Contact of pterygoid with exoccipital (McDowell, 1964, 10; Seidel and
Smith, 1986; Seidel and Jackson, 1990; 9; Stephens and Wiens, 2003a, 48): 0 = absent; 1 =
mixture; 2 = present.
CHARACTER 55: Pterygoid C
Character definition. Pterygoid (Gaffney and Meylan, 1988; Stephens and Wiens, 2003a, 23): 0
= does not contact foramen palatinum posterius; 1 = mixture; 2 = contacts foramen palatinum
posterius and forms part of posterior border.
CHARACTER 56: Pterygoid D
Character definition. Foramen carotico-pharyngeale (Gaffney and Meylan, 1988; Stephens and
Wiens, 2003a, 32), foramen located on the ventromedial pterygoid surface: 0 = absent; 1 =
mixture; 2 = present.
CHARACTER 57: Pterygoid E
Character definition. Foramen carotico-pharyngeale (Stephens and Wiens, 2003a, 33): 0 =
large, easily seen with naked eye, subdivisions of foramen visible just below surface; 1 =
mixture; 2 = small, barely visible to naked eye, subdivisions not visible.
CHARACTER 58: Pterygoid F
Character definition. Foramen carotico-pharyngeale (McDowell, 1964, 11; Stephens and
Wiens, 2003a, 34): 0 = contacts pterygoid-basisphenoid suture; 1 = mixture; 2 = does not contact
pterygoid-basisphenoid suture.
CHARACTER 59: Pterygoid G
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Character definition. Foramen carotico-pharyngeale, when not contacting pterygoidbasisphenoid suture (Stephens and Wiens, 2003a, 35): 0 = connected to pterygoid-basisphenoid
suture by separate, short (pterygoid-pterygoid) suture; 1 = mixture; 2 = is not connected to
pterygoid-basisphenoid suture, or directly contacts pterygoid-basisphenoid suture.
CHARACTER 60: Pterygoid H
Character definition. Depression in pterygoid just lateral to basisphenoid (Stephens and Wiens,
2003a, 36): 0 = absent; 1 = mixture; 2 = present. When such a depression is present the foramen
carotico-pharyngeale usually occurs in the wall of the depression (Stephens and Wiens, 2003a).
CHARACTER 61: Pterygoid I
Character definition. Contact of pterygoid with basioccipital (Gaffney and Meylan, 1988;
Stephens and Wiens, 2003a, 47): 0 = absent; 1 = mixture; 2 = present.
CHARACTER 62: Pterygoid J
Character definition. Pterygoid (Bertl and Killebrew, 1983; Stephens and Wiens, 69): 0 = does
not contribute to ventral border of foramen nervi trigemini (f.n.t.), dorsal projection of pterygoid
separated from f.n.t. by anterior projection of quadrate (processus epipterygoideus) and posterior
projection of epipterygoid and/or parietal; 1 = mixture; 2 = contributes to ventral border of f.n.t..
Supraoccipital
CHARACTER 63: Supraoccipital A
Character definition. Dorsal surface of supraoccipital crest in lateral view (Stephens and
Wiens, 2003a, 56): 0 = rounded; 1 = straight (forming continuous line) along more than 3/4 of
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length; 2 = peaked such that both anterior and posterior halves of the supraoccipital crest are
straight, but the posterior half slopes ventrally at an angle from anterior half.
CHARACTER 64: Supraoccipital B
Character definition. Ventral slope of supraoccipital crest, when crest is sloped (Stephens and
Wiens, 2003a, 57): 0 = begins anterior to supraoccipital-parietal suture; 1 = begins at
supraoccipital-parietal suture; 2 = begins posterior to supraoccipital-parietal suture.
CHARACTER 65: Supraoccipital C
Character definition. Posterior termination of supraoccipital crest (Stephens and Wiens, 2003a,
58): 0 = rounded; 1 = acute to subacute.
Basisphenoid
CHARACTER 66: Basisphenoid A
Character definition. Lateral edges of rostral projection of basisphenoid (Killebrew, 1979;
Stephens and Wiens, 2003a, 37), in ventral view: 0 = convex; 1 = concave; 2 = convex
posteriorly and concave anteriorly; 3 = straight.
CHARACTER 67: Basisphenoid B
Character definition. ‘Wings’ on rostral projection of basisphenoid, anterolateral processes of
basisphenoid that often contact foramen carotico-pharyngeale (Stephens and Wiens, 2003a, 38):
0 = absent; 1 = mixture; 2 = present.
CHARACTER 68: Basisphenoid C
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Character definition. Medial constriction of posterior of basisphenoid, in ventral view: 0 =
absent; 1 = present.
CHARACTER 69: Basisphenoid D
Character definition. Anterior tip of basisphenoid (Stephens and Wiens, 2003a, 39): 0 = acute;
1 = mixture; 2 = rounded.
CHARACTER 70: Basisphenoid E
Character definition. Foramen at anterior tip of basisphenoid (Stephens and Wiens, 2003a, 40):
0 = absent; 1 = mixture; 2 = present. When such a foramen is present, the previous character (i.e.,
66) usually cannot be scored due to the tip of the basisphenoid being not fully ossified.
CHARACTER 71: Basisphenoid F
Character definition. Basisphenoid-basioccipital suture (Bertl and Killebrew, 1983; Stephens
and Wiens, 2003a, 41): 0 = straight; 1 = curved anteriorly; 2 = straight medially, but lateral edges
sloped posteriorly.
CHARACTER 72: Basisphenoid G
Character definition. Basisphenoid-basioccipital suture (Stephens and Wiens, 2003a, 42): 0 =
not notched; 1 = mixture; 2 = medial notch present.
CHARACTER 73: Basisphenoid H
Character definition. Basioccipital process of basisphenoid, small posteromedial projection of
basisphenoid (Stephens and Wiens, 2003a, 43): 0 = absent; 1= mixture; 2 = present.
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CHARACTER 74: Basisphenoid I
Character definition. Lateral edge of basisphenoid (Stephens and Wiens, 2003a, 44): 0 = forms
simple two-sided corner with posterior edge of basisphenoid; 1 = mixture; 2 = three-sided corner
with posterior edge of basisphenoid.
CHARACTER 75: Basisphenoid J
Character definition. Cranium at basisphenoid (Seidel, 1988, 11): 0 = deep, with depth at the
anterior apex of the basisphenoid more than 31.5% of the condylobasal length; 1 = mixture; 2 =
shallow, with depth at the anterior apex of the basisphenoid less than 31.5% of the condylobasal
length.
Basioccipital
CHARACTER 76: Basioccipital A
Character definition. Tuberculum basioccipitale (Stephens and Wiens, 2003a, 45): 0 = absent;
1 = present.
CHARACTER 77: Basioccipital B
Character definition. Tuberculum basioccipitale, when present (Stephens and Wiens, 2003a,
46): 0 = directed posteriorly; 1 = mixture; 2 = directed ventrally.
CHARACTER 78: Basioccipital C
Character definition. Basioccipital (McDowell, 1964, 2): 0 = with strong lateral tuberosity that
extends lateral to lagena and forms floor of the recessus scalae tympani; 1 = without strong
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lateral tuberosity, not extending lateral to lagena, contributing to the medial wall of the recessus
scalae tympani, but not to the floor of that recess, instead the exoccipital curves downward and
forward to form the floor, as well as the posterior wall of that recess.
CHARACTER 79: Basioccipital D
Character definition. Postlagenar hiatus (a gap in the suture between basioccipital and
processus interfenestralis of opisthotic, filled with connective tissue in life, ventral to the
perilymphatic foramen, and immediately posterior to the lagens of the membranous labyrinth)
(McDowell, 1964, 7): 0 = a large, round hole, more than half as big as perilymphatic foramen; 1
= a small, vertical slit.
Dentary
CHARACTER 80: Dentary A
Character definition. Apex of lower jaw (Seidel and Palmer, 1991; Stephens and Wiens, 2003a,
70): 0 = angled; 1 = mixture; 2 = rounded.
CHARACTER 81: Dentary B
Character definition. Anterior margin of dentary (McDowell, 1964; Stephens and Wiens,
2003a, 71), in lateral view: 0 = rounded; 1 = mixture; 2 = forms 90 degree angle ventrally with
ventral margin of dentary.
CHARACTER 82: Dentary C
Character definition. Ventromedial surface of dentary in anterior view (McDowell, 1964;
Stephens and Wiens, 2003a, 72): 0 = rounded; 1 = mixture; 2 = flattened.
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CHARACTER 83: Dentary D
Character definition. Ventral surface of mandible (Weaver and Rose, 1967; Seidel and Smith,
1986; Seidel and Jackson, 1990, 3; Seidel, 2002, R): 0 = flattened; 1 = rounded.
CHARACTER 84: Dentary E
Character definition. Cutting edge of lower jaw (=mandibular tomium) (Seidel, 1988, 14;
Seidel, 2002, J; Stephens and Wiens, 2003a, 73): 0 = not serrated; 1 = mixture; 2 = serrated.
CHARACTER 85: Dentary F
Character definition. Lower jaw (Stephens and Wiens, 2003a, 74): 0 = not hooked; 1 =
mixture; 2 = hooked.
CHARACTER 86: Dentary G
Character definition. Dentary notch: 0 = absent; 1 = present.
CHARACTER 87: Dentary H
Character definition. Triturating (or alveolar) surface of dentary (lower jaws) (Weaver and
Rose, 1967; Seidel and Smith, 1986; Seidel and Jackson, 1990, 6; Seidel, 2002, S; Stephens and
Wiens, 2003a, 75): 0 = narrow, not spatulate; 1 = mixture; 2 = broad, commonly spatulate.
CHARACTER 88: Dentary I
Character definition. Edge of triturating surface of dentary (McDowell, 1964; Stephens and
Wiens, 2003a, 76): 0 = with distinct lingual border, a sharp angularity setting off the horizontal
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triturating surface from the medial surface of the dentary; 1 = mixture; 2 = lacks distinct lingual
border, and slopes gradually towards the vertical medial face of the dentary.
CHARACTER 89: Dentary J
Character definition. Lower triturating surface of dentary (McDowell, 1964; Stephens and
Wiens, 2003a, 77): 0 = in dorsal view not sharply defined anteromedially, width of anteromedial
and lateral triturating surfaces roughly equal; 1 = mixture; 2 = sharply defined anteromedially,
width of anteromedial triturating surface at least twice width of lateral triturating surface.
CHARACTER 90: Dentary K
Character definition. Ridge of median lower triturating surface of dentary (McDowell, 1964;
Weaver and Rose, 1967; Seidel and Smith, 1986; Seidel and Jackson, 1990, 5; Stephens and
Wiens, 2003a, 78): 0 = absent, surface nearly flat; 1 = mixture; 2 = present, raised, separate from
and lateral to lingual ridge.
CHARACTER 91: Dentary L
Character definition. Anterior midline of the alveolar surface (Seidel, 1988, 15): 0 =
discontinuous with ventral median portion of the dentary set apart as a ledge or shelf; 1 =
continuous with the ventral median portion of the dentary, not set apart as a ledge or shelf.
CHARACTER 92: Dentary M
Character definition. Median symphysial ridge on lower alveolar surface (Weaver and Rose,
1967): 0 = absent; 1 = present.
Angular
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CHARACTER 93: Angular A
Character definition. Dorsal projection of angular (McDowell, 1964, 1; Gaffney and Meylan,
1988; Stephens and Wiens, 79): 0 = contacts; 1 = mixture; 2 = does not contact Meckel’s
cartilage (separated by the prearticular, but does contact articular).
CHARACTER 94: Angular B
Character definition. Angular bone (McDowell, 1964, 6): 0 = reduced in length and
conspicuously exceeded in anterior extent by prearticular; 1 = unreduced in length, equals or
exceeds prearticular in anterior extent.
Coronoid
CHARACTER 95: Coronoid A
Character definition. Processus coronoideus (Bertl and Killebrew, 1983; Stephens and Wiens,
2003a, 80): 0 = not hooked; 1 = mixture; 2 = hooked.
Jaws
CHARACTER 96: Jaws A
Character definition. Tuberculate denticles on alveolar surface (Seidel and Smith, 1986; Seidel
and Jackson, 1990, 4): 0 = inconspicuous or absent; 1 = prominent.
Cervical Vertebra
CHARACTER 97: Cervical Vertebra A
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Character definition. Cervical vertebrae (McDowell, 1964; Stephens and Wiens, 2003a, 117): 0
= not elongate; 1 = mixture; 2 = elongate.
CHARACTER 98: Cervical Vertebra B
Character definition. Articulation of cervical vertebrae V and VI (McDowell, 1964, 3; Gaffney
and Meylan, 1988; Stephens and Wiens, 2003a, 119): 0 = double; 1 = mixture; 2 = single.
CHARACTER 99: Cervical Vertebra C
Character definition. Cervical vertebra VIII (McDowell, 1964; Stephens and Wiens, 2003a,
118): 0 = shorter than cervical vertebrae II–VII; 1 = mixture; 2 = cervical vertebrae all equal in
length.
CHARACTER 100: Cervical Vertebra D
Character definition. Cervical vertebra IX (Adler, 1968a): 0 = haemal spine projects ventrally,
with distal end approximately directly ventral to midpoint between connection of haemal spine
and vertebral centrum; 1 = haemal spine projects anteroventrally, with distal end anterior to
midpoint at connection between haemel spine and vertebral centrum.
Ribs
CHARACTER 101: Ribs A
Character definition. Thoracic rib heads (McDowell, 1964; Stephens and Wiens, 2003a, 120): 0
= straight, relatively short and thick; 1 = long, slender, and bowed ventrally; 2 = long and slender
but not bowed ventrally.
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CHARACTER 102: Ribs B
Character definition. Furthest lateral rib projections (free rib segment) from neurals (Adler,
1968a): 0 = rib III; 1 = rib II.
Scapula
CHARACTER 103: Scapula A
Character definition. Suprascapula (Bojanus, 1819; White, 1929; Bramble, 1974; Burke et al.,
1996, 11; Stephens and Wiens, 2003a, 115): 0 = absent; 1 = mixture; 2 = present.
CHARACTER 104: Scapula B
Character definition. Episcapula (White, 1929; Bramble, 1974; Burke et al., 1996, 12; Stephens
and Wiens, 2003a, 116): 0 = absent; 1 = mixture; 2 = present.
CHARACTER 105: Scapula C
Character definition. Length of acromion process of scapula (Minx, 1996, SC; Stephens and
Wiens, 2003a, 13): 0 = shorter than length of scapula; 1 = approximately equal in length; 2 =
longer than length of scapula.
Pelvis
CHARACTER 106: Pelvis A
Character definition. Opening in pelvis (Stephens and Wiens, 2003a, 122): 0 = single; 1 =
mixture; 2 = two openings present, anterior and posterior halves of pelvis contact medially.
CHARACTER 107: Pelvis B
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Character definition. Seams between right and left halves of pelvis (Stephens and Wiens,
2003a, 123): 0 = visible; 1 = mixture; 2 = right and left half of pelvis completely fused, seams no
longer visible ventrally.
Pubes
CHARACTER 108: Pubes A
Character definition. Epipubes (Gaffney and Meylan, 1988; Stephens and Wiens, 2003a, 121):
0 = not ossified, cartilaginous; 1 = mixture; 2 = at least partially ossified.
Manus
CHARACTER 109: Manus A
Character definition. Number of phalanges of manus digit I (Stephens and Wiens, 2003a, 105):
0 = 2 or less; 1 = mixture; 2 = 3 or more.
CHARACTER 110: Manus B
Character definition. Number of phalanges of manus digit II (Stephens and Wiens, 2003a,
106): 0 = 2 or less; 1 = mixture; 2 = 3 or more.
CHARACTER 111: Manus C
Character definition. Number of phalanges of manus digit III (Stephens and Wiens, 2003a,
107): 0 = 2 or less; 1 = mixture; 2 = 3 or more.
CHARACTER 112: Manus D
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Character definition. Number of phalanges of manus digit IV (Stephens and Wiens, 2003a,
108): 0 = 2 or less; 1 = mixture; 2 = 3 or more.
CHARACTER 113: Manus E
Character definition. Number of phalanges of manus digit V (Stephens and Wiens, 2003a,
109): 0 = 2 or less; 1 = mixture; 2 = 3 or more.
Pes
CHARACTER 114: Pes A
Character definition. Number of phalanges of pes digit I (Stephens and Wiens, 2003a, 110): 0
= 2 or less; 1 = mixture; 2 = 3 or more.
CHARACTER 115: Pes B
Character definition. Number of phalanges of pes digit II (Stephens and Wiens, 2003a, 111): 0
= 2 or less; 1 = mixture; 2 = 3 or more.
CHARACTER 116: Pes C
Character definition. Number of phalanges of pes digit III (Stephens and Wiens, 2003a, 112): 0
= 2 or less; 1 = mixture; 2 = 3 or more.
CHARACTER 117: Pes D
Character definition. Number of phalanges of pes digit IV (Stephens and Wiens, 2003a, 113): 0
= 2 or less; 1 = mixture; 2 = 3 or more.
CHARACTER 118: Pes E
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Character definition. Number of phalanges of pes digit V (Stephens and Wiens, 2003a, 114): 0
= 2 or less; 1 = mixture; 2 = 3 or more.
Phalanges
CHARACTER 119: Phalanges A
Character definition. Fifth digit (Seidel and Smith, 1986; Seidel and Jackson, 1990; 18): 0 =
never more than three phalanges present; 1 = can have more than three phalanges present.
Shell
CHARACTER 120: Shell A
Character definition. Plastron length/carapace length (Seidel, 2002, A): 0 = less than or equal
to 0.89; 1 = greater than 0.89.
CHARACTER 121: Shell B
Character definition. Carapace-plastral connection (Burke et al., 1996, 14; Stephens and Wiens,
2003a, 81): 0 = bony; 1 = mixture; 2 = ligamentous.
Carapace
CHARACTER 122: Carapace A
Character definition. Sexual size dimorphism (Seidel and Smith, 1986; Gibbons and Lovich,
1990; Seidel and Jackson, 1990, 17; Burke et al., 1996, 37): 0 = adult females tend to have
greater carapace lengths than males, but less than 2x that of the males; 1 = adult females often
larger than 2x the size of the males 2 = adult males and females with approximately the same
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carapace lengths; 3 = adult males tend to have greater carapace lengths. Character states 1 and 2
were switched from Burke et al. (1996) scoring since scoring should be ‘linear’.
CHARACTER 123: Carapace B
Character definition. Maximum female carapace length (Seidel and Smith, 1986; Seidel, 1988,
16; Seidel and Jackson, 1990; 16; Seidel, 2002, G): 0 = less than or equal to 250 mm; 1 =
between 250 mm and 400 mm; 2 = greater than or equal to 400 mm. This size is considered the
maximum size for the turtles, so if a specimen is not sexed, then a maximum size can be used for
this character, but not for the maximum size of males (Character Carapace C, character 123).
CHARACTER 124: Carapace C
Character definition. Old adult males (Seidel, 1988, 17): 0 = frequently less than 200 mm
carapace length; 1 = frequently larger than 200 mm carapace length.
CHARACTER 125: Carapace D
Character definition. Adult body size (Ernst and Barbour, 1989; Burke et al., 1996, 4): 0 =
approximately greater than or equal to (e ) 140 mm carapace length; 1 = approximately less than
(<) 140 mm carapace length.
CHARACTER 126: Carapace E
Character definition. Overall shape of carapace, in dorsal external view (Minx, 1996, EC;
Stephens and Wiens, 2003a, 156): 0 = circular; 1 = oval, sometimes expanded posteriorly, with
lateral edges around bridge parallel to sub-parallel; 2 = with slightly concave lateral edges.
CHARACTER 127: Carapace F
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Character definition. Carapace shape in lateral view (Galbreath, 1948; Seidel and Inchaustegui
Miranda, 1984; Stephens and Wiens, 2003a, 157): 0 = domed, having distinct ‘highest point’; 1 =
mixture; 2 = flattened, no distinct highest point.
CHARACTER 128: Carapace G
Character definition. Location of highest point of carapace, when present (Stephens and Wiens,
2003a, 158): 0 = anterior to midline; 1 = at midline; 2 = posterior to midline.
CHARACTER 129: Carapace H
Character definition. Carapace dorsal surface texture (Galbreath, 1948; Weaver and Rose,
1967; Burke et al., 1996, 7): 0 = smooth or with smooth contours; 1 = rugose, with depressions
and/or elevations.
CHARACTER 130: Carapace I
Character definition. Anterior margin of carapace: 0 = not serrated/indented; 1 = singly
serrated/indented (usually at the distal end of seam between marginals); 2 = doubly
serrated/indented (at distal end of seam between marginals and at sutures between peripherals).
CHARACTER 131: Carapace J
Character definition. Median keel along dorsal midline of carapace (Galbreath, 1948; Seidel
and Smith, 1986; Seidel and Jackson, 1990, 10; Burke et al., 1996, 5; Stephens and Wiens,
2003a, 174): 0 = absent; 1 = mixture; 2 = present.
CHARACTER 132: Carapace K
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Character definition. Keel, when present (Stephens and Wiens, 2003a, 175): 0 = primarily
located on anterior half of carapace; 1 = distributed equally on anterior and posterior halves of
carapace; 2 = primarily located on posterior half of carapace.
CHARACTER 133: Carapace L
Character definition. Keel, when present, consists of (Stephens and Wiens, 2003a, 176): 0 =
single ridge; 1 = apically blunt knobs; 2 = apically acute serrations.
CHARACTER 134: Carapace M
Character definition. Posterior edge of carapace (Adler, 1968a): 0 = not serrated/indented; 1 =
singly serrated/indented (usually at the distal end of seam between marginals); 2 = doubly
serrated/indented (at distal end of seam between marginals and at sutures between peripherals).
CHARACTER 135: Carapace N
Character definition. Carapace (Seidel, 1988, 18): 0 = not flared posteriorly, width at marginal
seam VII-VIII usually less than 75% of the carapace length; 1 = flared posteriorly, width at
marginal seam VII-VIII usually greater than 75% of the carapace length.
Nuchal
CHARACTER 136: Nuchal A
Character definition. Nuchal dorsal surface (Galbreath, 1948; Weaver and Rose, 1967): 0 =
smooth; 1 = sculptured, with ridges.
CHARACTER 137: Nuchal B
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Character definition. Cervical scute region of nuchal: 0 = smooth; 1 = rugose.
CHARACTER 138: Nuchal C
Character definition. Marginal scute region of nuchal (Weaver and Robertson, 1967): 0 =
smooth; 1 = anterior smooth; 2 = rugose.
CHARACTER 139: Nuchal D
Character definition. Pleural scute region of nuchal (Weaver and Robertson, 1967): 0 =
smooth; 1 = rugose.
CHARACTER 140: Nuchal E
Character definition. Vertebral scute region of nuchal: 0 = smooth; 1 = rugose.
CHARACTER 141: Nuchal F
Character definition. Nuchal with broad shallow notch at anterior end, between first marginals
(Galbreath, 1948; Weaver and Robertson, 1967): 0 = absent, not notched, or insignificant; 1 =
shallow notched; 2 = deeply notched.
CHARACTER 142: Nuchal G
Character definition. The region of the nuchal under the cervical scute: 0 = does not project
anterior to the anterior-most point of the first marginal region; 1 = does project anterior to the
anterior-most point of the first marginal region.
CHARACTER 143: Nuchal H
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Character definition. The region of the nuchal under vertebral 1: 0 = anterior-margin wider
than posterior-margin; 1 = anterior- and posterior-margins roughly equal or anterior narrower
than posterior.
CHARACTER 144: Nuchal I
Character definition. The anterior edge of the region of the nuchal under vertebral 1: 0 = with
roughly flat anterior edge, or gently convexly-curved; 1 = projects anteromedially between the
region of marginals 1, also leading to a shortened (anteroposteriorly) cervical (or cervical
region).
CHARACTER 145: Nuchal J
Character definition. Anteroposterior length of nuchal under first marginal: 0 = less than (<), to
perhaps equal to, the length from posterior margin to vertebral 1 – first pleural – first marginal
point; 1 = same length or longer (e ) than. If only equal to, then scored as (0,1). This character
may end up being separated into a third character state to better show variations when the two
values are close to equal.
CHARACTER 146: Nuchal K
Character definition. Nuchal (Adler, 1968a; Seidel and Jackson, 1990, 14): 0 = Not overlapped
by pleural 1; 1 = barely overlapped by pleural 1; 2 = broad overlap by pleural 1.
Neural
CHARACTER 147: Neural A
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Character definition. Number of sides of neural I (Minx, 1996, NC; Stephens and Wiens,
2003a, 84): 0 = 5 or less; 1 = 6 (hexagonal); 2 = 7 or more.
CHARACTER 148: Neural B
Character definition. Number of sides of neural II (Minx, 1996, NC; Stephens and Wiens,
2003a, 85): 0 = 5 or less; 1 = 6 (hexagonal); 2 = 7 or more.
CHARACTER 149: Neural C
Character definition. Number of sides of neural III (Minx, 1996, NC; Stephens and Wiens,
2003a, 86): 0 = 5 or less; 1 = 6 (hexagonal); 2 = 7 or more.
CHARACTER 150: Neural D
Character definition. Number of sides of neural IV (Minx, 1996, NC; Stephens and Wiens,
2003a, 87): 0 = 5 or less; 1 = 6 (hexagonal); 2 = 7 or more.
CHARACTER 151: Neural E
Character definition. Number of sides of neural V (Minx, 1996, NC; Stephens and Wiens,
2003a, 88): 0 = 5 or less; 1 = 6 (hexagonal); 2 = 7 or more.
CHARACTER 152: Neural F
Character definition. Number of sides of neural VI (Minx, 1996, NC; Stephens and Wiens,
2003a, 89): 0 = 5 or less; 1 = 6 (hexagonal); 2 = 7 or more.
CHARACTER 153: Neural G
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Character definition. Neural VII (Stephens and Wiens, 2003a, 90): 0 = absent; 1 = mixture; 2 =
present.
CHARACTER 154: Neural H
Character definition. Number of sides of neural VII (Minx, 1996, NC; Stephens and Wiens,
2003a, 91): 0 = 5 or less; 1 = 6 (hexagonal); 2 = 7 or more.
CHARACTER 155: Neural I
Character definition. Neural VIII (Stephens and Wiens, 2003a, 92): 0 = absent; 1 = mixture; 2
= present.
CHARACTER 156: Neural J
Character definition. Number of sides of neural VIII (Minx, 1996, NC; Stephens and Wiens,
2003a, 93): 0 = 5 or less; 1 = 6 (hexagonal); 2 = 7 or more.
Suprapygal
CHARACTER 157: Suprapygal A
Character definition. Number of suprapygals (Stephens and Wiens, 2003a, 97): 0 = 0; 1 = 1; 2
= 2; 3 = 3.
CHARACTER 158: Suprapygal B
Character definition. Shape of anterior-most suprapygal: 0 = shortened; 1 = elongate. Note this
character scored as unknown (‘?’) if less than two suprapygals present.
CHARACTER 159: Suprapygal C
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Character definition. Number of sides of posterior-most suprapygal (Minx, 1996, SP; Stephens
and Wiens, 2003a, 95): 0 = 5 or less; 1 = 6 (hexagonal); 2 = 7 or more. Note: To get six sides or
more, there must be distinct angles present, commonly on the posterior of this suprapygal. To get
more than 6 sides, commonly the anterior suprapygal (or posterior-most neural) is posteriorlyangled into the anterior edge of the posterior suprapygal and/or peripherals XI form sharp angles
toward its anterolateral edges.
CHARACTER 160: Suprapygal D
Character definition. Suprapygals (Stephens and Wiens, 2003a, 96): 0 = separated from neurals
by last pair of costals; 1 = mixture; 2 = contacting neurals.
Pygal
CHARACTER 161: Pygal A
Character definition. Ventral projection of pygal bone (Weaver and Rose, 1967): 0 = absent; 1
= present and acute.
CHARACTER 162: Pygal B
Character definition. Pygal (Hay, 1908; Seidel, 1988, 24; Seidel, 2002, I): 0 = does not extend
beyond marginal-vertebral sulcus; 1 = extends beyond marginal-vertebral sulcus, but not for its
entire width; 2 = extends beyond marginal-vertebral sulcus for its entire width.
CHARACTER 163: Pygal C
Character definition. Anterior margin of pygal: 0 = concave posteriorly; 1 = flat.
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CHARACTER 164: Pygal D
Character definition. Lateral edges of pygal: 0 = parallel; 1 = posterior edge wider; 2 = anterior
edge wider.
CHARACTER 165: Pygal E
Character definition. Posterior notch of pygal: 0 = absent; 1 = slight notch; 2 = pronounced or
deeply notched.
NOTE: For medial depression of pygal, see Character Marginal O (Character 189).
Costal
CHARACTER 166: Costal A
Character definition. Ribs on proximal end of costal (Galbreath, 1948): 0 = not prominent; 1 =
prominent.
CHARACTER 167: Costal B
Character definition. Longitudinal rugosities of costals (Adler, 1968a; Seidel and Smith, 1986;
Seidel and Jackson, 1990, 11): 0 = absent (or in less than 10% of individuals); 1 = present (in at
least 90% of individuals).
CHARACTER 168: Costal C
Character definition. Costal dorsal surface (Galbreath, 1948): 0 = with d 6 ridges on distal
edge; 1 = between 7 - 8 ridges on distal edge, rugosity on proximal portion; 2 = with e 9 ridges
(covered with ridges).
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CHARACTER 169: Costal D
Character definition. Inward depression in the posterior half of the fourth costal (Minx, 1996,
PB; Stephens and Wiens, 2003a, 94): 0 = absent; 1 = mixture; 2 = present.
Peripheral
CHARACTER 170: Peripheral A
Character definition. Peripheral bone notching at lateral edges (Weaver and Rose, 1967; Seidel
and Smith, 1986; Seidel and Jackson, 1990, 12; Stephens and Wiens, 2003a, 168): 0 = not
notched; 1 = somewhat notched; 2 = pronounced notching.
CHARACTER 171: Peripheral B
Character definition. Peripherals (Minx, 1996, TP; Stephens and Wiens, 2003a, 83): 0 = not
thickened; 1 = mixture; 2 = with lateral edges swollen to form lip.
Cervical
CHARACTER 172: Cervical A
Character definition. Cervical (=nuchal scute) underlap (ventral length)/carapace length
(Weaver and Rose, 1967; Seidel, 2002, B): 0 = greater than 0.055; 1 = between (or equal to)
0.037-0.055; 2 = less than 0.037.
CHARACTER 173: Cervical B
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Character definition. Cervical scute (=nuchal scute) dorsal length (Seidel, 1988, 22): 0 = long,
dorsal length more than 7.3% of the carapace length; 1 = short, dorsal length less than 7.3% of
the carapace length.
CHARACTER 174: Cervical C
Character definition. Cervical scute (=nuchal scute): 0 = widest along its posterior edge; 1 =
widest approximately midway through scute; 2 = approximately parallel along its length (at least
along the length where it contacts the first marginal).
CHARACTER 175: Cervical D
Character definition. Cervical scute (=nuchal scute) shape, in dorsal view: 0 = longer
(anteroposteriorly) than broad (mediolaterally); 1 = roughly even sides (square); 2 = broader than
long.
Vertebral
CHARACTER 176: Vertebral A
Character definition. Vertebral 1 anterior width/carapace length (Seidel, 1988, 23; Seidel,
2002, C): 0 = less than 0.150; 1 = between (or equal to) 0.150-0.175; 2 = greater than 0.175.
CHARACTER 177: Vertebral B
Character definition. Anterior and posterior widths of vertebral 1 and vertebral 2 (Galbreath,
1948): 0 = vertebral 1 approximately equal to width of vertebral 2, or vertebral 1 wider than
vertebral 2; 1 = vertebral 1 less than width of vertebral 2; 2 = anterior width of vertebral 1 less
than posterior width of vertebral 1 and widths of vertebral 2, while posterior width of vertebral 1
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roughly equal to widths of vertebral 2; 3 = anterior width of vertebral 1 wider than posterior
width of vertebral 1 and width of vertebral 2.
CHARACTER 178: Vertebral C
Character definition. Vertebral 1 (Galbreath, 1948; Seidel and Smith, 1986; Seidel and
Jackson, 1990, 13; Seidel, 1994; Stephens and Wiens, 2003a, 179): 0 = not constricted, edges
relatively straight; 1 = constricted anteriorly; 2 = constricted at mid-length, forming hour-glass
shape; 3 = not constricted with posterior border narrower than anterior border.
CHARACTER 179: Vertebral D
Character definition. Anterolateral border of vertebral 1 (Seidel and Jackson, 1990, 15): 0 = not
confined to nuchal; 1 = confined to nuchal.
Marginal
CHARACTER 180: Marginal A
Character definition. Diagonal rugose lines or ridges on marginal dorsal surface (Galbreath,
1948; Weaver and Robertson, 1967): 0 = absent; 1 = present on lateral half only; 2 = present over
whole region.
CHARACTER 181: Marginal B
Character definition. First marginal (Minx, 1996, MS; Stephens and Wiens, 2003a, 180): 0 =
long and narrow, maximum length exceeds maximum width; 1 = square, width and length
roughly equal; 2 = short and wide, width exceeds length.
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CHARACTER 182: Marginal C
Character definition. Anterior marginals of carapace (Stephens and Wiens, 2003a, 164): 0 = not
serrate; 1 – mixture; 2 = serrate.
CHARACTER 183: Marginal D
Character definition. Number of most posterior marginal bearing a notched posterior border
among marginals anterior of bridge. Marginals were numbered from anterior to posterior,
following Zangerl (1969) (Stephens and Wiens, 2003a, 167): 0 = absent or only notching present
between cervical and marginal 1; 1 = between marginal 1 and marginal 2; 2 = between marginal
2 and marginal 3; 3 = between marginal 3 and marginal 4; 4 = between marginal 4 and marginal
5.
CHARACTER 184: Marginal E
Character definition. Posterolateral marginal serrations (Galbreath, 1948): 0 = not present; 1 =
present.
CHARACTER 185: Marginal F
Character definition. Posterior marginal serrations (Galbreath, 1948): 0 = absent; 1 = present.
CHARACTER 186: Marginal G
Character definition. Posteriormost marginal (Stephens and Wiens, 2003a, 181): 0 = form
smooth horizontal line with marginals lateral to them; 1 = mixture; 2 = higher than marginals just
lateral to them.
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CHARACTER 187: Marginal H
Character definition. Orientation of edge of posterior row of marginal (Stephens and Wiens,
2003a, 182): 0 = posteroventral, not flared; 1 = mixture; 2 = flared posteriorly or posterodorsally
out and up to form lip.
CHARACTER 188: Marginal I
Character definition. Marginal or marginals contacted by seam A, seam between vertebral I
and pleural scute I (Tinkle, 1962; Burke et al., 1996, 8; Stephens and Wiens, 2003a, 183): 0 =
anterior to marginal 1 or anterior half of marginal 1; 1 = middle of marginal 1; 2 = posterior half
of marginal 1 or to the seam between marginal 1 and marginal 2; 3 = completely on marginal 2.
CHARACTER 189: Marginal J
Character definition. Marginal or marginals contacted by seam B, seam between pleural scutes
I and II (Tinkle, 1962; Stephens and Wiens, 2003a, 184): 0 = marginal 4 or seam between
marginal 4 and marginal 5; 1 = marginal 5; 2 = seam of marginal 5 and marginal 6 or posterior to
marginal 5.
CHARACTER 190: Marginal K
Character definition. Marginal or marginals contacted by seam C, seam between pleural scutes
II and III (Tinkle, 1962; Stephens and Wiens, 2003a, 185): 0 = marginal 6; 1 = anterior or middle
of marginal 7; 2 = posterior of or posterior to marginal 7.
CHARACTER 191: Marginal L
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Character definition. Marginal or marginals contacted by seam D, seam between pleural scutes
III and IV (Tinkle, 1962; Stephens and Wiens, 2003a, 186): 0 = marginal 8; 1 = seam between
marginal 8 and marginal 9, or anterior portion of marginal 9; 2 = middle of marginal 9 and more
posteriorly.
CHARACTER 192: Marginal M
Character definition. Marginal or marginals contacted by seam E, seam between pleural scutes
IV and V (Tinkle, 1962; Stephens and Wiens, 2003a, 187): 0 = anterior to or at seam between
marginal 10 and marginal 11; 1 = anterior to middle of marginal 11; 2 = posterior of or posterior
to marginal 11.
CHARACTER 193: Marginal N
Character definition. Number of marginals on each side of carapace (Tinkle, 1962; Stephens
and Wiens, 2003a, 188): 0 = 11; 1 = 12; 2 = 13. Note that this assumes the two posterior-most
scutes are supracaudals and not marginals.
CHARACTER 194: Marginal O
Character definition. Depression between 12th marginals (Minx, 1996, IM): 0 = absent; 1 =
present.
CHARACTER 195: Marginal P
Character definition. Supracaudal (posterior-most marginal) scutes (McDowell, 1964, 4): 0 =
extend forward onto suprapygal; 1 = fall short of suture between pygal and suprapygal.
Supracaudal
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See posterior-most marginal characters (Characters 189-190).
Plastron
CHARACTER 196: Plastron A
Character definition. Plastron (Weaver and Rose, 1967): 0 = smooth; 1 = rugose.
CHARACTER 197: Plastron B
Character definition. Number of plastral hinges (Stephens and Wiens, 2003a, 189): 0 = none; 1
= one; 2 = two. It is noted that in all specimens that bore a single plastral hinge, the hinge was
present in the anterior half of the carapace (Stephens and Wiens, 2003a).
CHARACTER 198: Plastron C
Character definition. Anterior plastron (Burke et al., 1996, 16; Stephens and Wiens, 2003a,
191): 0 = not closeable; 1 = closeable.
CHARACTER 199: Plastron D
Character definition. Posterior plastron (Burke et al., 1996, 15; Stephens and Wiens, 2003a,
190): 0 = not closeable; 1 = closeable.
CHARACTER 200: Plastron E
Character definition. Male plastron (Minx, 1996, CP; Stephens and Wiens, 2003a, 198): 0 =
flat; 1 = bearing concavity.
CHARACTER 201: Plastron F
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Character definition. Concavity of male plastron, when present (Minx, 1996, CP; Stephens and
Wiens, 2003a, 199): 0 = restricted to posterior half of plastron; 1 = mixture; 2 = extends along
entire length of plastron.
CHARACTER 202: Plastron G
Character definition. Anterior edge of plastron, in dorsal view: 0 = does not extend past
anterior edge of carapace; 1 = even with, or extends beyond, anterior edge of carapace.
CHARACTER 203: Plastron H
Character definition. Anterior margin of plastron (Stephens and Wiens, 2003a, 206): 0 = not
serrate; 1 = mixture; 2 =serrate.
CHARACTER 204: Plastron I
Character definition. Posterior margin of plastron (Stephens and Wiens, 2003a, 207): 0 = not
serrate; 1 = mixture; 2 =serrate.
CHARACTER 205: Plastron J
Character definition. Anterior plastral lobe: 0 = not inflated laterally, lateral sides
CHARACTER 206: Plastron K
Character definition. Posterior plastral lobe: 0 = not inflated laterally, lateral sides
approximately parallel; 1 - inflated laterally.
CHARACTER 207: Plastron L
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Character definition. Cervico-plastral ligament (Bramble, 1974; Burke et al., 1996, 13): 0 =
absent; 1 = present.
CHARACTER 208: Plastron M
Character definition. Widest location of the posterior plastral lobe (Galbreath, 1948; Minx,
1996, WP): 0 = anteriorly toward the inguinal buttresses; 1 = medially, around the femoral scutes
or the femural scutes are as wide as the anterior near the inguinal buttresses; 2 = posteriorly, at or
posterior to the femoral-anal seam.
Epiplastron
CHARACTER 209: Epiplastron A
Character definition. Anterior epiplastral margin (Weaver and Rose, 1967; Seidel, 1994;
Stephens and Wiens, 2003a, 98) 0 = underlying gular scutes: not swollen, short and
inconspicuous or absent; 1 = mixture; 2 = swollen to form lip, wide and thick or pronounced.
CHARACTER 210: Epiplastron B
Character definition. Epiplastra (Stephens and Wiens, 2003a, 99): 0 = with smooth
anterolateral margins; 1 = mixture; 2 = each bearing a tooth-like swelling on dorsal surface at
margin of gular and humeral scutes.
CHARACTER 211: Epiplastron C
Character definition. Anterior epiplastral margin, in ventral view (Seidel, 1994; Stephens and
Wiens, 2003a, 100): 0 = straight; 1 = curved anteromedially and usually forming smooth, slightly
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convexly-curved line with rest of epiplastral margin; 2 = curved and bearing shallow medial
cleft, having an appearance similar to the top of a ‘heart’ symbol.
CHARACTER 212: Epiplastron D
Character definition. Anterior epiplastral margin underlying gular scutes, in anterior view
(Stephens and Wiens, 2003a, 101): 0 = straight and flat; 1 = mixture; 2 = curved dorsally at
margins.
CHARACTER 213: Epiplastron E
Character definition. Epiplastron: 0 = anterior and medial edges form right angle; 1 = do not
form right angle.
Entoplastron
CHARACTER 214: Entoplastron A
Character definition. Entoplastron (Stephens and Wiens, 2003a, 102): 0 = absent; 1 = present.
CHARACTER 215: Entoplastron B
Character definition. Entoplastron (Jackson, 1988; Seidel, 2002, W): 0 = elongate, longer
(anteroposteriorly) than broad (mediolaterally); 1 = roughly equally broad (mediolaterally) as
long (anteroposteriorly); 2 = broader (mediolaterally) than long (anteroposteriorly).
CHARACTER 216: Entoplastron C
Character definition. Number of sides of entoplastron, in ventral view (Seidel and Inchaustegui
Miranda, 1984; Stephens and Wiens, 2003a, 103): 0 = d 5; 1 = 6-7; 2 = e 8.
347

CHARACTER 217: Entoplastron D
Character definition. Entoplastron (Stephens and Wiens, 2003a, 103): 0 = extended anteriorly,
majority of element is anterior to point of greatest width; 1 = anterior and posterior halves of
entoplastron equal; 2 = entoplastron extended posteriorly, majority of element posterior to point
of greatest width.
CHARACTER 218: Entoplastron E
Character definition. Entoplastron: 0 = does not project at humeral-gular sulcis, keeping a
gently angled edge; 1 = projects anteriorly at humeral-gular sulcus (anteroposteriorly), creating a
very sharp angle.
Hypoplastron
CHARACTER 219: Hypoplastron A
Character definition. Indent at lateral edge of plastron at the hypoplastron-xiphiplastron sutural
contact: 0 = absent; 1 = present.
Xiphiplastron
CHARACTER 220: Xiphiplastron A
Character definition. Xiphiplastron (Weaver and Rose, 1967): 0 = expanded; 1 = abbreviated.
Weaver and Rose (1967) defined xiphiplastron width as the width at the hypoplastralxiphiplastral suture divided by the anteroposterior length from the posterior edge of the plastron
to the posterior border of the abdominals (along the midline). For this character, Weaver and
Rose (1967) seem to have used values above 1.35 to be ‘expanded’, and those below 1.35 to be
348

‘abbreviated’. These are the values used in this study to check old scores and score new taxa and
specimens.
CHARACTER 221: Xiphiplastron B
Character definition. Posteromedial margin of plastron, anal notch of xiphiplastra (Weaver and
Rose, 1967; Adler, 1968a; Seidel, 1994; Stephens and Wiens, 2003a, 205): 0 = forms a
horizontal line, may have tiny, inconspicuous median notch present; 1 = curved anteromedially,
2 = consists of deep ‘V-shaped’ indentation between posterior anals; 3 = rounded posteriorly
(convexly-curved).
Bridge
CHARACTER 222: Bridge A
Character definition. Bridge of plastron, a dorsal extension of the plastron that is visible
externally and contacts the carapace (Stephens and Wiens, 2003a, 216): 0 = absent; 1 = mixture;
2 = present. Note that when the plastral bridge is absent, reduced plastral buttresses may or may
not be present internally (Stephens and Wiens, 2003a).
CHARACTER 223: Bridge B
Character definition. Plastral buttresses (Burke et al., 1996, 17; Stephens and Wiens, 2003a,
82): 0 = absent; 1 = present, with axillary and inguinal buttresses (dorsal processes of plastron)
contacting carapace.
CHARACTER 224: Bridge C
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Character definition. Plastral buttresses, if present (McDowell, 1964, 15; Burke et al., 1996.
17): 0 = rather weak, with the axillary buttress extending only a short distance onto the first
costal, the inguinal buttress extending a short distance onto the fifth costal; 1 = relatively strong,
the axillary buttress extending well on the first costal, the inguinal buttress extending well on to
fifth costal, sometimes contacting sixth costal.
CHARACTER 225: Bridge D
Character definition. Musk glands (Waagen, 1972; Burke et al., 1996, 20): 0 = one pair of
axillary and one pair of inguinal glands; 1 = one pair of axillary glands only; 2 = no glands.
Gular
CHARACTER 226: Gular A
Character definition. Gular overlap (Weaver and Rose, 1967): 0 = short; 1 = long.
CHARACTER 227: Gular B
Character definition. Gulars, in ventral view (Stephens and Wiens, 2003a, 200): 0 = flush with
anterior margin of epiplastra; 1 = mixture; 2 = extend anteriorly to margin of epiplastra. Stephens
and Wiens (2003a) mistakenly had it listed as humerals rather than epiplastra.
CHARACTER 228: Gular C
Character definition. Gulars width (Seidel, 1988, 20): 0 = narrow, plastron width at gularhumeral seam less than or equal to 23% of carapace length; 1 = broad, plastron width at gularhumeral seam greater than 23% of the carapace length. Note width is measured at anterior edge
of gulars.
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CHARACTER 229: Gular D
Character definition. Gular length (Seidel, 1988, 21): 0 = gulars long, median length greater
than or equal to 15% of carapace length; 1 = scutes short, median length less than 15% of
carapace length. Note, length is measured down gular-gular sulcus.
NOTE: When talking about sulci between two different plastral scutes (i.e., humeral and
pectoral), the character is listed under the more anterior scute.
Humeral
CHARACTER 230: Humeral A
Character definition. Humoral-pectoral seam (Weaver and Rose, 1967; Gaffney and Meylan,
1988; Stephens and Wiens, 2003a, 201): 0 = does not contact and/or is posterior to entoplastron;
1 = mixture; 2 = contacts entoplastron.
Pectoral
CHARACTER 231: Pectoral A
Character definition. Contour of pectoral-abdominal seam (Gaffney and Meylan, 1988;
Stephens and Wiens, 2003a, 202): 0 = horizontal; 1 = sloped posteromedially to approach
abdominal-femoral seam.
Abdominal
CHARACTER 232: Abdominal A
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Character definition. Abdominal-femoral sulcus: 0 = concavely-curved towards the posterior of
the shell medially; 1 - flat, or only inconspicuously concavely curved posteriorly.
CHARACTER 233: Abdominal B
Character definition. Lateral edges of the abdominal-femoral sulcus: 0 = laterally curved with
the lateral-most edge ‘pointed’ posteriorly; 1 = flat, or very inconspicuous curve; 2 = laterally
curved with lateral-most edge ‘pointed’ anteriorly.
Femoral
CHARACTER 234: Femoral A
Character definition. Femoral overlap (Weaver and Rose, 1967): 0 = wide; 1 = thin.
CHARACTER 235: Femoral B
Character definition. Contour of anterior apex of femoral-anal seam (Stephens and Wiens,
2003a, 203): 0 = acute; 1 = mixture; 2 = smooth curving line.
CHARACTER 236: Femoral C
Character definition. Posterior plastral lobe indent at (or just posterior to) lateral edge of
femoral-anal seams (Galbreath, 1948; Minx, 1996, IL; Stephens and Wiens, 204): 0 = absent or
very faint; 1 = mixture; 2 = present and commonly pronounced or distinct.
CHARACTER 237: Femoral D
Character definition. Femoral-anal seam (Minx, 1996, CS): 0 = with distal ends curved
anteriorly; 1 = straight or with slight curve at its midpoint.
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Axillary
CHARACTER 238: Axillary A
Character definition. Axillary scute (Minx, 1996, AS; Stephens and Wiens, 2003a, 214): 0 =
absent; 1 = mixture; 2 = present.
CHARACTER 239: Axillary B
Character definition. Anterior extent of axillary scute (Minx, 1996, AS; Stephens and Wiens,
2003a, 215): 0 = contacts marginal 4 or seam between marginal 3 and marginal 4; 1 = contacts
posterior or marginal 3; 2 = contacts well into (at least middle of) marginal 3.
Apical
CHARACTER 240: Apical A
Character definition. Apical scale (Minx, 1996, AP; Stephens and Wiens, 2003a; 212): 0 =
absent; 1 = mixture; 2 = present.
Inguinal
CHARACTER 241: Inguinal A
Character definition. Inguinal scute (Minx, 1996, IS; Stephens and Wiens, 2003a, 208): 0 =
absent; 1 = mixture; 2 = present.
CHARACTER 242: Inguinal B
Character definition. Inguinal scute (Seidel, 1988, 19): 0 = does not project laterally; 1 =
projected laterally to a point (angle).
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CHARACTER 243: Inguinal C
Character definition. Posterior extent of inguinal scute (Seidel, 1994; Stephens and Wiens,
2003a, 215): 0 = contacts marginal 7; 1 = contacts seam between marginal 7 and marginal 8, or
anterior of marginal 8; 2 = extends well onto (at least middle of) marginal 8.
SOFT-TISSUE
Snout
CHARACTER 244: Snout A
Character definition. Snout, in lateral view (Moll and Legler, 1971; Seidel, 1988, 5; Stephens
and Wiens, 2003a, 135): 0 = does not extend anterior to rest of head; 1 = mixure; 2 = elongate,
extends anterior to rest of head (at least in males).
CHARACTER 245: Snout B
Character definition. Snout, in dorsal view (Minx, 1996, PR; Stephens and Wiens, 2003a, 136):
0 = rounded; 1 = mixture; 2 = squared, with three distinct sides.
CHARACTER 246: Snout C
Character definition. Male snout length (from orbit)/maximum head width (Seidel, 2002, E): 0
= less than 0.290; 1 = greater than (or equal to) 0.290.
CHARACTER 247: Snout D
Character definition. Nostrils (Stephens and Wiens, 2003a, 137): 0 = round, length and width
approximately equal; 1 = mixture; 2 = oval.
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CHARACTER 248: Snout E
Character definition. Orientation of nostrils, if oval, in anterior view (Stephens and Wiens,
2003a, 138): 0 = horizontal; 1 = vertical; 2 = diagonal. Note, this character was scored as
unknown for specimens with round nostrils (i.e., scored ‘0’ for character 246).
Head Coloration
CHARACTER 249: Head Coloration A
Character definition. Arrow shaped mark on dorsal surface of snout (Stephens and Wiens,
2003a, 145): 0 = always absent; 1 = always or sometimes present. Note, this character was
scored as unknown for specimens lacking head and neck stripes.
CHARACTER 250: Head Coloration B
Character definition. Background color of head and neck (Stephens and Wiens, 2003a, 139): 0
= monotone; 1 = mixture; 2 = two tone, one color dorsally, another ventrally.
CHARACTER 251: Head Coloration C
Character definition. Markings on head and neck (Stephens and Wiens, 2003a, 140): 0 =
absent, although head may be different color from neck; 1 = mixture; 2 = present, including
stripes, spots, specks, or blotches present on head and or neck.
CHARACTER 252: Head Coloration D
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Character definition. Markings on head and neck, if present (Seidel, 1981; Stephens and
Wiens, 2003a, 141): 0 = consist of stripes or curved lines, rarely in combination with specks or
spots; 1 = mixture; 2 = spots or speckles, with no lines present.
CHARACTER 253: Head Coloration E
Character definition. Number of stripes contacting orbit (Stephens and Wiens, 2003a, 142): 0 =
4 or fewer; 1 = 5 or more. This includes contact with the postorbital (supratemporal) stripe, the
primary and central secondary orbitocervical stripes, dorsolateral preorbital stripe, the primary
lateral preorbital stripe, and any prominent secondary stripes anterior and posterior to, and that
contact, the orbit. Scored as unknown for specimens lacking head and neck stripes.
CHARACTER 254: Head Coloration F
Character definition. Light colored markings resembling hairpins (Stephens and Wiens, 2003a,
144): 0 = absent; 1 = mixture; 2 = present on dorsal surface of head. For illustration see Conant
and Collins (1998 : 52, fig. 8).
CHARACTER 255: Head Coloration G
Character definition. Postorbital mark, a large distinct mark posterior to orbit on lateral surface
of head or neck, often bordering orbit (Stephens and Wiens, 2003a, 146): 0 = absent; 1 =
mixture; 2 = present. In the case of turtles with prominent head stripes, such a mark will be at
least twice the thickness of other head and neck stripes and/or of a different color.
CHARACTER 256: Head Coloration H
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Character definition. Postorbital (supratemporal) stripe coloration (Moll and Legler, 1971;
Seidel and Inchaustegui Miranda, 1984; Seidel, 1988, 3; Seidel, 2002, O): 0 = postorbital stripe
absent; 1 = yellow, 2 = orange; 3 = red; 4 = color that is not yellow, orange, or red.
CHARACTER 257: Head Coloration I
Character definition. Orientation of postorbital mark, if present (Stephens and Wiens, 2003a,
147): 0 = horizontal; 1 = mixture or angled; 2 = vertical. Note that this character was scored as
unknown if no true postorbital marks were present.
CHARACTER 258: Head Coloration J
Character definition. Number of postorbital markings, if present (Stephens and Wiens, 2003a,
148): 0 = less than 3; 1 = 3 or more. Refers to postorbital (supratemporal) stripe, primary and
central secondary orbitocervical stripes, and any other prominent orbitocervical stripes. Note that
this character was scored as unknown if no true postorbital marks were present.
CHARACTER 259: Head Coloration K
Character definition. Postorbital (supratemporal) mark, if present (Seidel, 2002, P; Stephens
and Wiens, 2003a, 149): 0 = does not contact; 1 = mixture; 2 = always contacts orbit. This refers
to the main mark or stripe located dorsoposterially from orbit. Note that this character was scored
as unknown if no true postorbital marks were present.
CHARACTER 260: Head Coloration L
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Character definition. Postorbital mark (Stephens and Wiens, 2003a, 150): 0 = isolated from
neck stripes; 1 = mixture; 2 = contacts neck stripes. Note that this character was scored as
unknown in specimens that did not have both neck stripes and at least one postorbital mark.
CHARACTER 261: Head Coloration M
Character definition. Number of (prominent) stripes between eyes on dorsal surface of head
(Seidel and Palmer, 1991; Stephens and Wiens, 2003a, 143): 0 = 0; 1 = 1 to 2; 2 = 3 or more.
This character was scored as unknown for specimens lacking head and neck stripes.
CHARACTER 262: Head Coloration N
Character definition. Middorsal mark, large triangular mark covering dorsal surface of skull
from interorbital region to tip of snout (Stephens and Wiens, 2003a, 151): 0 = absent; 1 =
mixture; 2 = present.
CHARACTER 263: Head Coloration O
Character definition. Middorsal mark (Stephens and Wiens, 2003a, 152): 0 = does not contact
postorbital mark or stripe; 1 = mixture; 2 = contacts postorbital mark or stripe. Note that this
character was scored as unknown in specimens that did not have both a middorsal mark and at
least one postorbital mark.
CHARACTER 264: Head Coloration P
Character definition. Skin overlying lower end of jugal (McDowell, 1964, 8): 0 = broken up
into finely granular skin that extends from eye to ear and is only loosely attached to the
underlying bone; 1 = evenly cornified, firmly adherent to the bone.
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CHARACTER 265: Head Coloration Q
Character definition. Mandibular stripe, a large distinct stripe running along lower jaw distinct
from and at least twice the thickness of other stripes on lower jaw (Stephens and Wiens, 2003a,
153): 0 = absent; 1 = mixture; 2 = present.
CHARACTER 266: Head Coloration R
Character definition. Mandibular stripe, when present (Stephens and Wiens, 2003a, 154): 0 =
not forked; 1 = mixture; 2 = always forked anteriorly. Note that this character was scored as
unknown in specimens that did not have a mandibular stripe.
CHARACTER 267: Head Coloration S
Character definition. Mandibular stripe, when present (Legler, 1990; Stephens and Wiens,
2003a, 155): 0 = does not contact; 1 = mixture; 2 = always contacts one or more neck stripes.
Note that this character was scored as unknown in specimens that did not have a mandibular
stripe.
CHARACTER 268: Head Coloration T
Character definition. Integumentary gland in the skin of the throat (Winokur and Legler, 1975;
Burke et al., 1996, 9): 0 = always absent; 1 = present, at least some individuals.
Forelimb
CHARACTER 269: Forelimb A
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Character definition. Scutellation of forelimb (McDowell, 1964, 14): 0 = several very large
scutes without intervening granules; 1 = numerous transversely enlarged scales seperated by
granular scales.
CHARACTER 270: Forelimb B
Character definition. Scales on the forelimbs (Minx, 1996, BS; Stephens and Wiens, 2003a,
227): 0 = relatively flat; 1 = convex, protruding outward and appearing bulbous or rugose.
CHARACTER 271: Forelimb C
Character definition. Color of scales on forelimbs (Stephens and Wiens, 2003a, 228): 0 = same
as that of skin on forelegs; 1 = different from color of skin on forelegs.
CHARACTER 272: Forelimb D
Character definition. Scales on outer edge of forelimbs (Stephens and Wiens, 2003a, 229): 0 =
serrate; 1 = mixture; 2 = not serrate.
CHARACTER 273: Forelimb E
Character definition. Stripes on forelimbs (Stephens and Wiens, 2003a, 230): 0 = absent; 1 =
present.
CHARACTER 274: Forelimb F
Character definition. Number of stripes on forelimb, counted at wrist (Stephens and Wiens,
2003a, 231): 0 = 4 or fewer; 1 = mixture; 2 = 5 or more. Note that this refers to major stripes,
ones traveling at least half of the total length of the forelimb. Note that this character was scored
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as unknown in specimens that did not have any major forelimb stripes (scored ‘0’ for Character
272).
Hindlimb
NOTE: Characters considered ‘Hindlimb’ include the rear legs and rear feet.
CHARACTER 275: Hindlimb A
Character definition. Posterior surface of hindlimb (Stephens and Wiens, 2003a, 232): 0 =
unmarked; 1 = mixture; 2 = marked with stripes or spots.
CHARACTER 276: Hindlimb B
Character definition. Markings on posterior surface of hindlimbs, when present (Stephens and
Wiens, 2003a, 233): 0 = consist of spots; 1 = horizontal stripes; 2 = vertical stripes. Note that this
character was scored as unknown in specimens that did not have hindlimb posterior markings.
CHARACTER 277: Hindlimb C
Character definition. Hindfoot webbing (Burke et al., 1996, 6; Stephens and Wiens, 2003a,
225): 0 = webbing to the base (proximal end) of the claw; 1 = webbing to, or nearly to, the
pentultimate joint; 2 = webbing between these toes absent.
Claw
NOTE: Characters considered ‘Claw’ refer to the claw sheath rather than the claw core.
CHARACTER 278: Claw A
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Character definition. Claws on manus of males (Seidel and Inchaustegui Miranda, 1984;
Stephens and Wiens, 2003a, 222): 0 = curved; 1 = at least some possess straight.
CHARACTER 279: Claw B
Character definition. Claws on manus of adult male (Moll and Legler, 1971; Seidel and
Inchaustegui Miranda, 1984; Seidel, 1988, 4; Seidel, 2002; D; Stephens and Wiens, 2003a, 221):
0 = all same size as or only slightly longer than adjacent claws; 1 = mixture; 2 = elongate, some
more than twice as long as some adjacent claws. In character state 2, digits II and III or II, III and
IV will bear elongate claws.
CHARACTER 280: Claw C
Character definition. Digits of male manus bearing elongate claws: (Stephens and Wiens,
2003a, 223) 0 = digits II and III; 1 = mixture; 2 = digitsII, III, and IV.
CHARACTER 281: Claw D
Character definition. Number of emergent hind claws (Minx, 1996, HC; Stephens and Wiens,
2003a, 224): 0 = four; 1 = three.
CHARACTER 282: Claw E
Character definition. Clasping claws, thick recurved claws on pes of males that can be flexed
independently of the other pedal digits (Minx, 1996, CC; Stephens and Wiens, 2003a, 226): 0 =
absent; 1 = present.
Tail
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NOTE: Characters considered ‘tail’ refer to the soft-tissue of the tail.
CHARACTER 283: Tail A
Character definition. Choanal papilla (Parsons, 1968; Seidel, 2002, K): 0 = absent; 1 = present.
Carapace Soft-Tissue
NOTE: ‘Soft-Tissue’ characters dealing with the carapace and plastron, including respective
scutes, include color characters as well.
CHARACTER 284: Carapace Soft-Tissue A
Character definition. Old males carapace color (Seidel, 1988, 6; Seidel, 2002, L): 0 = do not
exhibit melanism on posterior of carapace; 1 = do exhibit melanism on posterior of carapace.
CHARACTER 285: Carapace Soft-Tissue B
Character definition. Carapace coloration (Seidel, 2002, M): 0 = lack ocellate yellow-orange
lines; 1 = possess ocellate yellow-orange lines with dark borders; 2 = possess ocellate yelloworange lines with reticulations.
Scute Soft-Tissue
CHARACTER 286: Scute Soft-Tissue A
Character definition. Growth annuli of scutes of carapace (Minx, 1996, AN; Stephens and
Wiens, 2003a, 159): 0 = distinct; 1 = mixture; 2 = not visible.
CHARACTER 287: Scute Soft-Tissue B
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Character definition. Growth point of scutes of carapace, centre of growth annuli (Stephens and
Wiens, 2003a, 160): 0 = in middle of each scute; 1 = mixture; 2 = along posterior margin of each
scute. This character was scored as unknown when growth annuli were not visible on scutes of
carapace (character state 2 for character 268).
CHARACTER 288: Scute Soft-Tissue C
Character definition. Bright yellow coloration of seams of carapace (Minx, 1996, DS; Stephens
and Wiens, 2003a, 173): 0 = absent; 1 = present and lighter than surrounding scutes, normally
bright yellow; 2 = present and darker than surrounding scutes.
Vertebral Soft-Tissue
CHARACTER 289: Vertebral Soft-Tissue A
Character definition. Height of keel elements, when present (Stephens and Wiens, 2003a, 177):
0 = less than, or equal to, 15% length of scutes on which they occur; 1 = mixture; 2 = more than
15% length of scutes on which they occur.
CHARACTER 290: Vertebral Soft-Tissue B
Character definition. Coloration of keel, when keel is present (Stephens and Wiens, 2003a,
178): 0 = darker than that of surrounding carapace; 1 = not distinct; 2 = lighter than that of
surrounding carapace.
CHARACTER 291: Vertebral Soft-Tissue C
Character definition. Outline of neurals (Stephens and Wiens, 2003a, 163): 0 = not visible; 1 =
mixture; 2 = visible through dorsal (vertebral) scutes of carapace.
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Pleural Soft-Tissue
CHARACTER 292: Pleural Soft-Tissue A
Character definition. Longitudinal ridges (Burke et al., 1996, 7; Stephens and Wiens, 2003a,
162): 0 = present on scutes of carapace; 1 = mixture; 2 = scutes smooth, not bearing ridges apart
from growth rings. If such ridges are present in combination with distinct growth rings, the
ridges may be vermiculate rather than continuous.
CHARACTER 293: Pleural Soft-Tissue B
Character definition. Pleural scutes (Stephens and Wiens, 2003a, 161): 0 = thick, each with
raised point; 1 = mixture; 2 = thin, lacking raised points.
CHARACTER 294: Pleural Soft-Tissue C
Character definition. Pleural scutes (Stephens and Wiens, 2003a, 171): 0 = bearing no distinct
markings; 1 = mixture; 2 = marked.
CHARACTER 295: Pleural Soft-Tissue D
Character definition. Markings on second pleural scute, if present, consist of (Seidel and
Palmer, 1991; Stephens and Wiens, 2003a, 172): 0 = multiple spots or speckles only; 1 = pattern
of curving lines, reticulate pattern, or multiple ocelli; 2 = large isolated ring shaped mark or large
isolated blotch that does not contact edges of scute; 3 = spots or blotches dorsally, vertical lines
ventrally, often forming radiating pattern; 4 = concentric series of ring shaped markings; 5 =
many equally distinct vertically orientated lines, sometimes bifurcated dorsally; 6 = one
pronounced vertical line, sometimes with a few smaller vertical lines, usually bifurcated
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ventrally and forming an upside-down ‘Y’; 7 - single light spot. As with marginals’ markings,
emydids display considerable diversity in pleural scute markings. This variation was dealt with
in a similar manner, by coding pleural scute markings as a single unordered character with states
chosen such that only specimens with very similar markings would receive the same score.
Marginal Soft-Tissue
CHARACTER 296: Marginal Soft-Tissue A
Character definition. Markings on lateral scutes of carapace (Moll and Legler, 1971; Seidel,
1988, 1): 0 = not ocellate; 1 = distinctly ocellate.
CHARACTER 297: Marginal Soft-Tissue B
Character definition. Markings on dorsal surface of marginal (Stephens and Wiens, 2003a,
169): 0 = absent and marginals monotone; 1 = mixture; 2 = some marking (spots, blotches, or
lines) found on marginals. These markings can be darker or lighter than the background color,
depending upon the species.
CHARACTER 298: Marginal Soft-Tissue C
Character definition. Markings on dorsal surface of marginals, if present, consist of (Stephens
and Wiens, 2003a, 170): 0 = single dark spot at posterolateral margin of each marginal; 1 =
dorsally facing C-shaped markings; 2 = vertical lines, sometimes bifurcated dorsally to form Yor T-shape; 3 = irregular dark blotches; 4 = ventrally facing C-shaped markings; 5 =
posterolateral facing C-shaped markings; 6 = posterolateral facing C-shaped mark with dark
blotch at posterolateral corner of each marginal; 7 = single light spot in the center of each
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marginal; 8 = pattern of spots and lines radiating from one point on each marginal; 9 = many
small spots or specks found on each scute. Emydids display a bewildering diversity of marginal
markings as a group. In order to deal with this variation in a conservative manner assumptions
about the independence and homology of the various types of markings were minimized (i.e.,
type of marginal markings was treated as a single unordered character) and the states of this
character were chosen such that only specimens with very similar marginal markings would
receive the same score.
CHARACTER 299: Marginal Soft-Tissue D
Character definition. Dark markings on underside of some or all marginal (Stephens and
Wiens, 2003a, 218): 0 = absent; 1 = mixture; 2 = present.
CHARACTER 300: Marginal Soft-Tissue E
Character definition. Dark markings under marginals, if present (Stephens and Wiens, 2003a,
219): 0 = occur on all marginal; 1 = on marginals near bridge only; 2 = on all marginals near
bridge and anterior to bridge.
CHARACTER 301: Marginal Soft-Tissue F
Character definition. Dark markings under marginals, when present, consist of (Stephens and
Wiens, 2003a, 220): 0 = irregular blotches; 1 = solid dark circles; 2 = dark circles with light area
inside them or a dark ring; 3 = dorsally orientated C-shaped mark; 4 = dark spots and irregular
reticulate lines; 5 = posteriorly orientated C-shaped mark; 6 = light centered circles in the middle
of each scute in addition to dark scute borders; 7 = single dark lines at the posterior and ventral
margin of each scute.
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Plastron Soft-Tissue
CHARACTER 302: Plastron Soft-Tissue A
Character definition. Markings on plastron (Stephens and Wiens, 2003a, 194): 0 = absent,
scutes of plastron monotone; 1 = mixture; 2 = present.
CHARACTER 303: Plastron Soft-Tissue B
Character definition. Markings on plastron, when present (Stephens and Wiens, 2003a, 195): 0
= consist of dark markings on a light background; 1 = mixture; 2 = light markings on a dark
background.
CHARACTER 304: Plastron Soft-Tissue C
Character definition. Markings of plastron, when present (Stephens and Wiens, 2003a, 196): 0
= located on lateral edges of plastron; 1 = in the middle of individual plastral scutes, not
contacting edges; 2 = along central axis of plastron, spreading along seams of plastron; 3 = occur
in at least two of the above locations. Within the species scored as ‘3’, some individuals would
exhibit a combination of 1 and 2 while other individuals of the same species would exhibit a
combination of 0, 1, and 2. Thus, the various specimens scored as 3 seemed to be exhibiting
homologous states of this character.
CHARACTER 305: Plastron Soft-Tissue D
Character definition. Plastron ventral surface (Seidel and Inchaustegui Miranda, 1984; Seidel,
1988, 2; Seidel and Palmer, 1991; Seidel, 2002, N; Stephens and Wiens, 2003a, 197): 0 = with
single, dark-lined symmetrical (dendritic) plastral figure; 1 = with partially disconnected dark
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spots or ocelli; 2 = with isolated dark spots or ocelli. If no figure or marks present, then character
scored as unknown.
CHARACTER 306: Plastron Soft-Tissue E
Character definition. Plastron pattern, when present in juveniles (Seidel, 1988, 7): 0 = present
and not faded in adults; 1 = very faded or absent in adults.
Plastral Scutes Soft-Tissue
CHARACTER 307: Plastral Scutes Soft-Tissue A
Character definition. Sutures of plastral bones (Stephens and Wiens, 2003a, 192): 0 = not
visible; 1 = mixture; 2 = visible through plastral scutes.
CHARACTER 308: Plastral Scutes Soft-Tissue B
Character definition. Seams of plastral scutes (Minx, 1996, DS; Stephens and Wiens, 2003a,
193): 0 = not darker than scutes; 1 = mixture; 2 = darker than scutes.
Gular Soft-Tissue
CHARACTER 309: Gular Soft-Tissue A
Character definition. Yellow ‘Y’ figure on ventral gular surface (Seidel, 2002, Q): 0 = absent; 1
= present.
BridgeSoft-Tissue
CHARACTER 310: Bridge Soft-Tissue A
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Character definition. Markings on bridge (Stephens and Wiens, 2003a, 217): 0 = absent; 1 =
mixture; 2 = present, consisting of an elongate black blotch or thick black line.
Apical Soft-Tissue
CHARACTER 311: Apical Soft-Tissue A
Character definition. Apical scale, when present (Minx, 1996, AP; Stephens and Wiens, 2003a,
213): 0 = cornified with visible growth rings; 1 = mixture; 2 = not cornified and with no visible
growth rings. In character state 2 the apical scale is small and elongate.
Inguinal Soft-Tissue
CHARACTER 312: Inguinal Soft-Tissue A
Character definition. Inguinal scute (Minx, 1996, IS; Stephens and Wiens, 2003a, 210): 0 =
with smooth surface, growth rings not visible; 1 = mixture; 2 = with visible growth rings.
CHARACTER 313: Inguinal Soft-Tissue B
Character definition. Inguinal scute (Seidel, 1994; Stephens and Wiens, 2003a, 211): 0 =
unmarked; 1 = mixture; 2 = bearing black markings.
OTHER
Behavior
CHARACTER 314: Behavior A
Character definition. Diet (Ernst and Barbour, 1989; Seidel and Jackson, 1990, 27; Burke et al.,
1996, 2): 0 = carnivorous; 1 = omnivorous; 2 = herbivorous.
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CHARACTER 315: Behavior B
Character definition. Courtship behavior (Ernst and Barbour, 1989; Burke et al., 1996, 3): 0 =
simple courtship, commonly involving one or several males chasing a female and repeatedly
ramming her shell; 1 = complex courtship, includes aquatic behavior where the male maintains a
position directly in front of the female while underwater, and can involve the male either biting
the anterior part of the shell, head, and neck, or ‘stroking’ them with his foreclaws.
CHARACTER 316: Behavior C
Character definition. Egg clutch frequency (Pritchard, 1979; Ernst and Barbour, 1989; Burke et
al., 1996, 10): 0 = one clutch per year; 1 = two or more.
Habitat
CHARACTER 317: Habitat A
Character definition. Habitat (Ernst and Barbour, 1989; Burke et al., 1996, 1): 0 = aquatic; 1 =
semi-aquatic; 2 = terrestrial; 3 = brackish.
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APPENDIX C
Character Data Matrix
Actinemys
111111011101220010221200101001020??011112000002200001222111220(0,2)211101101210
1011101002002201001100000000011010222000021110200011000110010000000010(0,1)0(0,1
)1(0,1)(0,1)120211?(0,1)20202100000011(0,2)0210001010001111111000000121000001022101
1120012211101100111(0,1)11121020201?0??022??201100?0?10??010000?10010?0000012012
12113017200103000102?121?00
Clemmys
110110021100120010221210101001020??0111120010022010000221112000211101000210101
10021020022010011000010000121102220000210(0,1)00001211000??01000000000??0(0,1)1(0
,1)(0,1)120211?(0,1)20???10000010020210??20?000111111100?000120000101210011?12?002
21011110210101110020101?0??022??110000?0?1111111020?0?100?10000120??02227027200
203100102?121011
Emydoidea
001110021111020211221010101001020??01102200000220020102111111102021(0,1)2000202
101110210000210100100100?202222120222000021?123110101000??00000000(0,1)01000(0,1
)10(0,1)120211?(0,1)212121100000110023000201000021121101011111000011110(0,2)11122
11002101111(0,1)02112011011110201?2??222??00?????0??0??010110?0?100?00000110??011
270292002001001012020010
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Emys
11?110022120111211221200001001020??0202120000022110010122210020200001001210100
?02000200000100100000?012011000222000021?1120102110012001000000000??0(0,1)1(0,1)(
0,1)120201?(0,1)2020210100001120230?020?0010212111010110120000111111111?12?00211
1100102112011011000101?1??022??00?????0??0??01002100?100?000002?001122270291041
0(2,3)001201???00?1
Glyptemys
01011(0,1)0(1,2)(0,2)100(1,2)20010221(0,2)(0,1)1(1,2)02001020??0(1,2)(0,2)(1,2)120000022(0
,1)200102211(1,2)(1,2)(0,1)1(0,2)21(1,3)10(1,2)(0,1)012(1,2)01(0,1)11001102001201(0,1)0100
000101001(1,2)(0,1)102220000210(0,1)0(2,3)00(0,1)(1,2)1(0,1)10(1,2)(1,2)0(0,1)(0,1)(0,1)0000
(0,1)001?10(0,1)(0,1)(0,1)(0,1)120211?(0,1)20???10(0,1)000(0,1)002021?1(0,2)(1,2)0(1,2)0(0,1
)121111110000001(0,2)000000(0,1)2(1,2)2(0,1)11?1(0,2)?00221011(1,2)00211102(1,2)0(1,2)1
0(0,1)?(1,2)0(0,1)?(0,1)1?(1,2)22??0(0,2)?????0?10??(0,1)1(0,1)(0,1)10?00100?00000(0,1)(1,2)
0010(1,2)(0,1)(1,2)30(1,2)820(0,7)(1,2)002(0,1)(0,1)(1,2)02?(1,2)(1,2)110(0,2)
Terrapene
111110021100(1,2)20011(1,2)0120010(2,3)0?1000??0(0,1)1112(0,1)011(0,1)22120000(1,2)2(0,
1)(0,2)21(0,1)(0,1)2(1,2)0(1,3)(0,1)0(1,2)00(0,1)2(1,2)0100100(1,2)0020002010(0,1)10000(0,1)
101221(1,2)1(1,2)022(1,2)000021?12(2,3)00(0,1)2(0,1)2(0,1)(0,1)220(0,1)100000100101(0,1)(0
,1)(0,1)(0,1)(0,1)(0,1)2(0,1)01(0,1)?(0,1)002120010000(0,1)11(0,1)21(0,2)(0,1)0(1,2)010(0,1)0(
1,2)1(1,2)2111010111101000111(1,2)110(0,1)1112000(1,3)0001(0,1)11(0,1)21(0,1)1(0,1)1(0,2)
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10110010(0,1)?11011210000022000?00?000(0,1)20?002(0,1)0?000011(0,2)0010212(3,7)0(1,2)
?10020(0,3)(1,2)002002(1,2)11012
Chrysemys
0(0,1)10?20(1,2)1001122211220110102000022200011(1,2)2000012122(1,2)10012222000(0,2)
2(0,1)2001(0,1)0(0,1)2(1,2)01011(0,1)011020000200(0,1)1000000000011(0,2)00222000022010
00012(0,1)1000??00000000000110(0,1)1(0,1)(0,1)120211?(0,1)212001000(0,1)000020(1,2)00(
0,1)00(1,2)(0,1)00001111110100000?01101011(1,2)020101(0,1)(0,1)1002102110011(0,1)1011
121021101?0?00201011011100??211?10001021102(1,2)000002?1??2221112(2,4)20(2,3)(0,2)0
20(0,1)2102?021111
Deirochelys
0110?22200001222102202001010000220?0000220210022101200122210011200102000212111
100110200112101000200?1100110102220?????0000100101100??00112110000000(0,1)1(0,1)(
0,1)1200?1?10000011120(0,1)011202000210000002111110010000?0010(0,1)0(0,1)021201120
11121102010(0,1)1100111121121100?111122100?????10??101?10001122100?000002?002112
210221?1102002101?00(0,1)111
Graptemys
0110?212(0,1)10212221022100010000(0,1)020??1001(2,3)20001220202(1,2)0102222021020(0
,3)0011102101001202100000?0000110000?010011000222000022110(0,1)10010002211100000
01000020(0,1)1(0,1)(0,1)120211?(0,1)2?2102010(0,1)(1,2)0220121(0,2)1010111111111110100
000?10000000122(0,1)12101(0,1)12211201010111112121021111?11(0,1)0201021(1,2)0(0,1)11
01?1000100011211020000001(1,2)0(1,2)01112(1,2)125202(1,2)02001(1,2)02?02(0,1)110
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Malaclemys
0110?202(0,2)112(0,1)(1,2)2210221100(0,1)01101020??1000(1,3)200012202(1,2)2(1,2)010(1,2
)22(1,2)0(1,2)(1,2)0(0,2)000000(1,2)(0,1)200(0,1)011(1,2)021(0,2)(0,1)01000000220000101001
1000222000021110000011110201(0,1)(0,1)10101100001(0,1)10(0,1)(0,1)12021(1,2)0?2121(0,
1)1010000212121012(0,1)010(0,1)0(1,2)1111(1,2)1010000(0,1)010000000(0,1)(0,2)2112(0,1)1
001(1,2)(1,2)1020111011111(1,2)1(1,2)(0,1)010101?0??02(1,2)0000?????2??0??1100001101(0,
1)0?00(0,1)00(0,1)(0,1)0(0,1)0(0,1)2(0,1)(0,1)(2,4)(0,1)(0,1)7(1,2)(0,2)2(1,2)0(0,3)(0,2)01(1,2)0
(1,2)?0(1,2)01(0,1)3
Pseudemys
1101?(1,2)021100(0,1)2221022121010211111221100112(0,1)011220222(0,1)00(0,1)22220?102
1?00(0,1)0(0,1)0?10101120?0220000211(0,1)1(0,1)100010100120002220000221(0,1)00210(1,2
)00000211(0,1)000001000020(0,1)1(0,1)(0,1)12021(1,2)1(0,1)202001010(0,1)10(0,2)02002110
10001(0,2)0111111010000001000101(0,1)(0,2)22(0,1)101010?(1,2)(1,2)102?100110001212102
1111?1100201001(0,1)(0,2)1110??222?100011211(0,1)2200100220011022(5,6)12(2,6)2021(0,2
)200(1,2)(1,2)0(1,2)?022111
Trachemys
0110?2020000122211221210101000022200001(1,3)200012202(1,2)201002222010022(0,2)(0,1
)000(0,2)0(1,2)(1,2)(0,1)1011(0,1)011(0,2)20000200010000010100120(0,1)02220000220000(0,
1)(0,1)0(1,2)01102(1,2)(0,1)2110(0,2)1(0,1)100012(0,1)(0,1)1(0,1)(0,1)1202111(0,1)21(0,2)00(
1,2)112020(1,2)1(0,2)0(1,2)(0,1)11(0,2)(1,2)0(0,1)1100111111010000(0,1)01000(0,1)0(0,1)(0,1
)(0,1)0201110000(1,2)21021(0,2)0101110(0,1)20210211(0,1)(0,1)(0,1)010020102(2,3)00(0,2)(0
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,2)100?200?1000112(1,2)10(0,2)2000(0,1)1(0,1)2001(0,2)02(0,2)(4,5)12(5,6)20(2,6)202002212
?021111

Modern Taxa:
Kinosternon subrubrum
0??0?0011?2122221022?2??0032??0?0???0001100??2202220?10222202102101?100021?11??0
0101200022??0?00000?0?0011120222200021?002001112000??0?000000000?11(0,1)1(0,1)(0,1
)00?0?0?(0,1)0????0?00000?12(0,1)?303?2010000111110??02110?0000101001110????0?201?
0?1???100?02102021111?1(1,2)01210000????010?0??0?0000?0?100?000002?00?1220?00000?
002000100?1010(0,1)1
Sternotherus odoratus
0??0?0012?2112211022?2??0002??0?0???0011200??2202220?0012220210(1,2)000?10(1,2)010
?10??10200200020??0?00020?0?0011120222200021?002001111000??0?000000000?1(0,1)(0,1
)10(0,1)(0,1)0?0?0?(0,1)0????0?00001?12(0,1)?303?20?0000111110??01100?0000000002110?
???0?100?0?1???100?11122021111?10012110(0,1)10000010?0??0?0000?0?100?000002?00?12
21701000?00??00000?101(0,1)(0,1)1
Chinemys reevesii
???????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????20102???0???0???????????????????????????????????????
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??????????????????????????????????????????????????????????????????????12?0?000?0011000
000?00???10000?0?00??0?010020010000?00?217201200000??21111
Heosemys spinosa
???????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????20101???1???1???????????????????????????????????????
??????????????????????????????????????????????????????????????????????11?0?00200002100
01??0200?001?0?202???0?1000202202022012207223200000???(0,1)0?(1,2)
Malayemys subtrijuga
?????0?????????2???2???????????????????????0??????2????????????????????????????????????
???????????????00????????????????020001??102??0???????????????????????????????????????
??????????????1?????????00???????0?????????????????0??????????????????10?0?1020002100
001220200?0000110?000?0?0002?1?10200?022207200100102?220??(1,2)
Mauremys caspica
????11021?00210211220???0?10??0?0???002(0,1)200?0220120?11202202101100?201120?100
0021?02?0100??200?020?0?001200?????00021??00010111?01101????????????0(0,1)1(0,1)1(0,
1)20211?(0,1)2????????000??????0??20?0011111111?1?0000??00???1001?1?11???2211??2???
1???22?2102?101?0?01201001????00?0100?10001221100?000012?1011121101120020310011
2?020111
Mauremys japonica

377

????1??????0???211??0????????????????????????????????????2????0??????????????00021????
??????20???2???????????????????????00101???0???1??????????????????????????????????????
??????????????????????1????????????????????????????1???????????????????01?0?01200001??
??00?00???10000?0?????0?0002?1010020?00?20102??00002?021111
Mauremys mutica
????1??????0???211??0????????????????????????????????????2????0??????????????00021????
??????20???2???????????????????????00001???0???1??????????????????????????????????????
??????????????????????1????????????????????????????1???????????????????01?0?01200001??
??00?00???10000?0?????0??002?2011120?00?200201200202?021111
Sacalia bealei
????0??????0???2????0????????????????????????????????????2???????????????????00???????
??????20???2???????????????????????20012???0???1??????????????????????????????????????
??????????????????????1????????????????????????????0???????????????????00?0?00210000?0
??00?00???0000100?000???000020020220?017210221100102??21??1
Morenia petersi
?????0022?2101121122????1?20??2?2100002220??0102020?00122202002000?100020?10??01
0?22?2022??2?0?000?0?001100????????????02010201?00??(0,1)????????????(0,1)(0,1)1(0,1)(
0,1)120201?(0,1)1????????100??????1??00?0000000011???0000??00????2001?0?15???101???
2??00???22?2102?100?2002201001????10?00???10000?0?110?001002?0??222220222110???0
2010?0021?1
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Notochelys platynota
?????100??1021011122????2?20??1?10??0110210??1210220?02122202102000?101020?10??2
02?02?0220??1?0?000?0?001202????????????2211012??12101????????????0(0,1)1(0,1)(0,1)12
0211?12????????000??????0??201??20101011???1000??00????0001?1?11???201???2???1???0
2?0?00??00???00200000????00?00???01000?0?000?000000?0010220?00????0???00000???20?
(1,2)
Orlitia borneensis
???????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????22102???0???1???????????????????????????????????????
??????????????????????????????????????????????????????????????????????00?0?000?0000???
?00?00???10020?0?0???0?100020010220?00?0??0????0000??011?(0,1)
Rhinoclemmys areolata
0????0020?0012021122????1?20??1?0???2011200??0220220?02122202022000?102120?10??1
01?01?0221??2?0?020?0?00120002220???????02010112?02100????????????0(0,1)1(0,1)(0,1)(
0,1)20211?(0,1)2????????000??????0??101??11111111???00012?10????2020?1?10???211???2?
??1???12?2101?201?0?02210020?11100?00???00020?20010?00000120011211?01(0,3)10?2020
00101?1010?2
Actinemys marmorata
111111011101220010221200101001020??011112000002200001222111220(0,2)211101101210
1011101002002201001100000000011010222000021110200011000110010000000010(0,1)0(0,1
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)1(0,1)(0,1)120211?(0,1)20202100000011(0,2)0210001010001111111000000121000001022101
1120012211101100111(0,1)11121020201?0??022??201100?0?10??010000?10010?0000012012
12113017200103000102?121?00
Clemmys guttata
110110021100120010221210101001020??0111120010022010000221112000211101000210101
10021020022010011000010000121102220000210(0,1)00001211000??01000000000??0(0,1)1(0
,1)(0,1)120211?(0,1)20???10000010020210??20?000111111100?000120000101210011?12?002
21011110210101110020101?0??022??110000?0?1111111020?0?100?10000120??02227027200
203100102?121011
Emydoidea blandingii
001110021111020211221010101001020??01102200000220020102111111102021(0,1)2000202
101110210000210100100100?202222120222000021?123110101000??00000000(0,1)01000(0,1
)10(0,1)120211?(0,1)212121100000110023000201000021121101011111000011110(0,2)11122
11002101111(0,1)02112011011110201?2??222??00?????0??0??010110?0?100?00000110??011
270292002001001012020010
Emys orbicularis
11?110022120111211221200001001020??0202120000022110010122210020200001001210100
?02000200000100100000?012011000222000021?1120102110012001000000000??0(0,1)1(0,1)(
0,1)120201?(0,1)2020210100001120230?020?0010212111010110120000111111111?12?00211
1100102112011011000101?1??022??00?????0??0??01002100?100?000002?001122270291041
0(2,3)001201???00?1
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Glyptemys insculpta
010111012100120010221001102001020??0202120000022120010221112110213101101210111
1001102001201(0,1)01000001010011110222000021010300011010210111????1001??0(0,1)(0,
1)(0,1)(0,1)120211?(0,1)20???1010001002021(1,2)?21020112111111000000120000000212011
?10?00221011100211102102101?100?0??222??00?????0?10??111110?0?100?00000010?10101
3018207200200102?111102
Glyptemys muhlenbergii
010110020100220010221211202001020??012112000002202001022112101(0,2)211102001220
1011001102001201(0,1)010000010100?2010222000021?002001(1,2)111012000000000001?10(
0,1)1(0,1)(0,1)120211?(0,1)20???10000000020210102010012111111000000100000001222111
?12?00221011200211102201100?201?11?122??02?????0?10??010010?00100?0000012001021
23028200100211202?221?00
Terrapene carolina bauri
1111100211002200112212002030?1000??0002120011002020000222220002103002000210100
1002002000201001000001012222220222000000?122000202012001000000100101(0,1)(0,1)1(
0,1)(0,1)1220?1?(0,1)002100010002011021(0,2)10101010111211101011110100011122100121
2000300011101211101210?10??01?11012110110022100?0??000120?10200?100001000202123
0221001001012002??1012
Terrapene carolina carolina
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1111100211001200111012001030?1000??0111121011121120000121221112203101000110110
1101002001201011000011012211110221000021?123001212112201100000100101(0,1)(0,1)(0,
1)(0,1)(0,1)(0,1)100?1?(0,1)002120010000111(0,1)212101010101112111010111101000111111
101112000100010111210001210?00??01?110112?000????00??0??000120?0?210?000010000(1
,2)021230231002131002002??1012
Terrapene carolina major
1111101211001200112012000030?1000??00120201110220200002200020012011(0,1)0000220
10010020020002010210000110122110?0222200021?1220102010120011000001001010(0,1)1(
0,1)(0,1)1220?1?(0,1)002020010001011(0,1)210(0,1)0201010211111101011110100011121111
1112100300011110211102110?10??01?110012?000????00??0??001120?0?210?000001000102
1230201002102002002??1012
Terrapene carolina mexicana
1111100211102200112012000020?1000??0001?200110221200001202210022010?2000220100
1001002000201001000001012211110222200010?12200020(1,2)0021001000011001010(0,1)1(
0,1)(0,1)120211?(0,1)002??00100000110212(0,1)0(1,2)01000212211101011111100001110110
1?12?00300010100210111210?10??00?110112?000????00??0??000120?0?200?1000012201022
130101072031002002??1?12
Terrapene carolina triunguis
1111100211001200111112001020?1000??0211120011022120000120011112103001101210100
1100002000211011000001012212120220000000?12200100210220010000010010(0,1)1(0,1)1(
0,1)(0,1)121210???02100010001011(0,2)21200(1,2)010002121111010111101000011211011(0,
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1)1200030001(0,1)110210111210?10??11?110112?000????00??0??000020?0?200?1000010200
121130101071002012002??1011
Terrapene carolina yucatana
111110?211?0?20011201200?0?0?1000??0???????11????20000?2????????0?????????01001?0?
00200?2?10?10000?101221???022??000???122000102?0210111001110010???????????1??002?
?0010?0??110210?0(1,2)0?0000112111010111101000?11??1??1?12?0030001?1??21???1210?1
0??00?150122?000????00??0??000020?0?200?00000002010212?0131001031002002??1012
Terrapene coahuila
1?1110021100220011221???1020?1000??011112101102212000012102101020?1?1021220100?
00100200020101100000?0?2212220222000021?12300011200110010000000010?0(0,1)(0,1)(0,
1)(0,1)12(0,1)0?0?(0,1)002??0010100?100212?01010001122111010111111001111211001?02?
0030001?1??2100?1000?10??01?0?0222?000????00??00?000020?0?200?11000200011221?013
1001002021002??1011
Terrapene nelsoni klauberi
1?111????1??????????1????020?1000??0???????11????20?0???????????0?????????01?0??0?0?
?00?2?10?1?000??0?22????0??????????122000(0,2)22?1111010000000010??????????????02??
0010?0??120210?0(1,2)010002122211010111101001111?01011?1??0030001?0??2101?201112
0??00?210112?000????00??0??001020?0?210?0100002001021270191042030000002??10?2
Terrapene nelsoni nelsoni
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1?1111???1?????0???01????020?1000??0???????11????20?0???????????0?????????01?0??0?0?
?00?2?10?1?000??0?22????0??????????12200011(0,1)11120010000000010??????????????02??
0010?0??120210?01010001112211010111101001111?01011?1??0030001?1??2101?1011110??
01?110112?000????00??0??000020?0?200?0100002001020270191002031001002??1002
Terrapene ornata luteola
11111002010002000?0010010020?1000??0020320011022020000220220001203002002220100
?000002000201001000000012212000000000020?122001011110??1110(0,1)0(0,1)0001010101
01210?0?0002020010000110021010201110111211101011110100001000101101000000001011
02111(0,1)10021110100?210022?000????00??0??000120?0?200?01000120??02123022100213
2001002111012
Terrapene ornata ornata
11111002010012000?0010010020?1000??0111020011022020000200201002101001001210100
?000002000201001100000012211010000000020?122001011100??0100000000101(0,1)(0,1)(0,
1)(0,1)(0,1)(0,1)210?0?(0,1)0020200100001120212102000001112111010111101000010101011
0120000000101102110110021220101?110112?000????00??0??000120?0?200?01000120??121
230121002131001002211012
Chrysemys picta bellii
0(0,1)10?102000112121122011010200002220001122100012122210012222000220(2,3)0011(0,
2)021011110011020000200010000000000110102220?????0100001201000??0000000000011(0
,1)01(0,1)(0,1)120211?(0,1)2120010001000020200(0,1)001100001111110100000?0110101110
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2010100100210211001101011121021101?0?00221001????10??211?100011211022000002?1??
22221122202202012202?021111
Chrysemys picta dorsalis
0?10?20210012222112201?0102000022200002(1,2)200??121222100122220002101001001220
10111021020000200010000000000112002220000220100001111000??00000000000?10(0,1)1(
0,1)(0,1)120211?(0,1)2120010000000020101(0,1)001000001111110100000?011010102020101
1?100210211001111011121021101?0?00201011011100??211?100010211022000002?1??2221?
1142020???02102?021111
Chrysemys picta marginata
0?10?2012000122211220110102000022200011120000121221000122220000212001101220101
10011020000200110000000000112002220000220100001201000??00000000000010(0,1)1(0,1)
(0,1)120211?(0,1)2120010000000020200(0,1)002000001111110100000?011010111020100011
00210211000101011121021101?0?00201021011200??211?100010211021000002?1??2220?124
203202012102?021111
Chrysemys picta picta
0110?20110111222112201(0,1)0102000022200111120010101201100222220010212001000210
10111011020000200110000000000110002220000210100001211000??0(0,1)000000000110(0,1
)(0,1)(0,1)(0,1)120211?(0,1)2120010001000020100(0,1)002100001111110100000?011010(0,1)
1202010110100210210001111011111021101?0?00201021011100??211?100110211021000002
?1??2220?1242030???01102?021111
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Deirochelys reticularia (reticularia)
0110?22200001222102202001010000220?0000220210022101200122210011200102000212111
100110200112101000200?1100110102220?????0000100101100??00112110000000(0,1)1(0,1)(
0,1)1200?1?10000011120(0,1)011202000210000002111110010000?0010(0,1)0(0,1)021201120
11121102010(0,1)1100111121121100?111122100?????10??101?10001122100?000002?002112
210221?1102002101?00(0,1)111
Graptemys barbouri
0?10?200??0202221022?0??2001??020???0100100?12002?21?102222021(1,2)1000?102020?10
??20210001010??0?10000?0?00120002220000221101100100022111?000001000?20(0,1)1(0,1)
(0,1)120211?(0,1)2????2?10010?2012101?1011111111111??00000?100000000(0,2)201?10?(0,
1)1221?2?1??0111?12121021101?10102000211011121?100010001121100?000012?010111221
25202002002102?02(0,1)110
Graptemys caglei
0?10???????2?????0???0???0?????20???????????1????????1????????????????????????????1??0
???0?????0??????????????????????11?0000100022(0,1)11?000001000?2??????????????????2?1
0?1??2012101?1011110101111??00000?1000000????0?????(0,1)1221?2?1??0111?1212102110
1?1010201021200210??100010001121100?000001201112021(0,1)25202202001202?021110
Graptemys ernsti
0?10?2010?0201221022?0??2000??020???0002210?12002020?20222202101000?101011?10??
20210002020??1?10??????????????????????11?1100100022111?000001000?2???????????????
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???1?10?1??2212101?2011110111111??00000?1000000????1?????(0,1)1221?2?1??0111?1212
1021121?11002010211011021?101010001121100?000001201011111125202102001202?02011
0
Graptemys flavimaculata
0?10?2121?0112221022?0??1000??020???0212200?12202022?102222021020(0,3)0?111021?1
0??20210000000??0?00000?0?00110002220000221100000100022021?000001000?2(0,1)(0,1)1
(0,1)(0,1)120211?02????2?10010?2012111?1021110111111??00000?100000(0,1)012201?11?(0
,1)1221?2?1??0111?02121021111?0?10201021101110??111010001121102000(0,1)0012020111
02125202202001102?020110
Graptemys geographica
0?10?1021?0222221022?0??1001??020???0002220112102021?10222201101000?101121?10??
20210002020??0?10000?0?0010000222000021110010021(0,1)022111?000001000?20(0,1)1(0,
1)(0,1)120211?(0,1)2????1?10010?2(0,2)12101?1011111111111??00000?1000000012111?10?(
0,1)1221?2?1??0111?11121021101?0?00221011100110??100010001122100?00000120001122(
7,1)112202102001202?020110
Graptemys gibbonsi
0?10?2111?0210221022?0??1000??020???000(1,3)110?12002022?20222202101030?101021?1
0??20210001020??0?10??0?0?000200??????????1101100(1,2)00022111?000001000?2(0,1)(0,1
)1(0,1)(0,1)120211?(0,1)2????1?10120?2012101?2011111101111??00000?1000000022011?10?
(0,1)1221?2?1??1111?12121021121?1?002001111001021?101010001121100?0000(0,1)110101
1121025206002001202?0201?0
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Graptemys nigrinoda
0?10?2020?0212221022?0??0001??120???0012200?11202022?112212111(0,1)2011?211021?1
0??20210000010??0?10000?0?00100002220000211100000100022021?000001000?20(0,1)1(0,1
)(0,1)120211?(0,1)2????2?10010?2012101?2021111111111??00000?1000000012111?10?(0,1)1
221?2?1??0111?12121021111?1110201111201110??1000100011211020000011102001122125
205202101102?120110
Graptemys oculifera
0?10?2120?0212221022?0??1000??020???0112200?12201022?11122202102110?111011?10??
20210000010??0?10000?0?00112002220000221100000100022021?000001000?2(0,1)(0,1)(0,1)
(0,1)(0,1)120211?(0,1)2????1?10010?2212101?1011100101111??00000?100000(0,1)012201?10
?(0,1)1221?2?1??0111?12121021111?1110201121101110??10001000102110200000011020110
22(0,1)25201202001102?0201(0,1)0
Graptemys ouachitensis ouachitensis
0?10?2121?0212221022?0??1000??020???001(2,3)200?11202020?11122202112030?101121?1
0??20210000000??0?10000?0?00112002220000221100000100022111?000001000?20(0,1)1(0,1
)(0,1)120211?(0,1)2????2?10120?2012121?1011111111111??00000?1000000012201?10?(0,1)1
221?2?1??0111?12121021111?1110201021200110??101010001121102000(0,1)001?010112221
25202122201202?121110
Graptemys ouachitensis sabinensis
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0?10?2221?0002??1022?0???000??020???000(0,3)200?1220202??12?????2?02020?200211?00?
????1??0???0?????0??????????????????????11?0100101022111?000001000?2????????????????
??2?10?2??2012101?1011120111111??00000?1000000????0?????(0,1)1221?2?0???111?12121
021110?0?00201021000010??0??010001121101000(0,1)001001011121125202202002202?021
110
Graptemys pseudogeographica kohnii
0110?2120102122210221000100000120??1001320001210202102012220210213001110210100
120210001000000110000?0?00110002220000221101100100022111?00000100(0,1)?2(0,1)(0,1
)1(0,1)(0,1)120211?(0,1)2????2?10020?2012121?1011111111111??00000?100000(0,1)0122(0,1
)1?00?(0,1)1111?2?1??0111?12121021111?1(1,2)01201021201110??100010001121101100000
2?02011211115102102001101?011110
Graptemys pseudogeographica pseudogeographica
0110?112110212221022100000000(0,1)020??1001(1,3)21001210202101012220210(1,2)00101
010210100120210001010000100000?0100110002210000221101100101022112000000100(0,1)
020(0,1)1(0,1)(0,1)120211?(0,1)2?2102010120220121(1,2)1010111111111110100000?100000(
0,1)0121(0,1)12101(0,1)12211201010111112121021111?1?00201021200110??1000100011221
02000000110201112212(0,2)202222001202?12(0,1)110
Graptemys pulchra
0?10?2110?0211221022?0??2000??020???000?100?12102021?20222202112020?101021?10??2
0210001020??0?10000?0?00110002220000221100000100022111?000001000?20(0,1)1(0,1)(0,
1)1202(0,1)1?(0,1)2????2?10110?2012101?1011111111111??00000?100000001(0,2)211?10?(0,
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1)1121?2?1??0111?12121021121?0?002000211011022?200010001122100?0000012010111211
25202102101102?020110
Graptemys versa
0?10?2021?0212221022?0??1000??020???0003210?12202021?20222202102020?10(0,1)121?1
0??20210000010??0?00000?0?00110002220000211100000101022111?000001000?20(0,1)1(0,1
)(0,1)120211?(0,1)2????2?10010?2012111?2011110111111??00000?100000(0,1)010101?10?(0,
1)1(1,2)21?2?2??0111?11121021100?0?00201021101110??0??01000122(1,2)100?00000120021
1021125202103102202?02(0,1)10
Malaclemys terrapin centrata
0110?2022112122210221100101101020??1000(1,3)2000122022210101221012(0,1)200000021
2000011202101010000001100001010011000222000021110000011110201(0,1)(0,1)101011000
01010(0,1)(0,1)120212022121(0,1)1010000212122012201010111111101000010100000001021
12110012210201110111111110010101?0??0210000?????2??0??110000?10110?00(0,1)001100
00211401?202203001102?0201(0,1)3
Malaclemys terrapin littoralis
0110?2020112012210221100001101020??10003200012202122010222202100000?001020?10?
110212001000000110000?010011000222000021110000011110201(0,1)?10101100001(0,1)????
1202(0,1)1?(0,1)2121?1?1000021212101210100021111210100000?100000000(0,2)211201001
1110201??0111112121010101?0??022??00?????2??0??110000?10100?00000000101200400?1(
0,2)2100201201?0101(0,1)3
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Malaclemys terrapin macrospilota
0110?2020112012210221100001101020??10003200012202122010222202100000?001020?10?
110212001000000110000?010011000222000021110000011110201(0,1)?10101100001(0,1)????
1202(0,1)1?(0,1)2121?1?1000021212101210100021111210100000?100000000(0,2)211201001
1110201??0111112121010101?0??022??00?????2??0??110000?10100?00000000101200(2,4)10
71(0,2)2100201201?0101(0,1)3
Malaclemys terrapin pileata
0110?2020112012210221100001101020??10003200012202122010222202100000?001020?10?
110212001000000110000?010011000222000021110000011110201(0,1)?10101100001(0,1)????
1202(0,1)1?(0,1)2121?1?1000021212101210100021111210100000?100000000(0,2)211201001
1110201??0111112121010101?0??022??00?????2??0??110000?10100?00000000101200400?1(
0,2)2100201201?0101(0,1)3
Malaclemys terrapin rhizophorarum
0110?2020112012210221100001101020??10003200012202122010222202100000?001020?10?
110212001000000110000?010011000222000021110000011110201(0,1)?10101100001(0,1)????
1202(0,1)1?(0,1)2121?1?1000021212101210100021111210100000?100000000(0,2)211201001
1110201??0111112121010101?0??022??00?????2??0??110000110100?00000000101200(2,4)10
71(0,2)2100201201?0101(0,1)3
Malaclemys terrapin tequesta

391

0110?2022112122210221100101101020??1000(1,3)2000122022210101221012(0,1)2000?0021
20000?120210101000000110000?010011000222000021110000011110201(0,1)?101011000010
10(0,1)(0,1)120212022121?1?10000212121012201010111111101000010100000001021121100
12210201??0111111110010101?0??0210000?????2??0??110000?10110?00100110000211401?
202203001102?0201(0,1)3
Malaclemys terrapin terrapin
0110?2022112122210221100101101020??1000(1,3)2000122022210101221012(0,1)200000021
20000(0,1)120210101000000110000?010011000222000021110000011110201(0,1)(0,1)101011
00001010(0,1)(0,1)120212022121(0,1)1?100002121210(0,1)2201010111111101000010100000
00102112110012210201110111111110010101?0??0210000?????2??0??110000?10110?00(0,1)
00110000211401?202203001102?0201(0,1)3
Pseudemys alabamensis
1101?1121100122210221??02021??21221?0011210?12102220000122201101120?000211010??
21202200002??1?01000?0?00112102220000221?00110200?00??1?000001000?20(0,1)1(0,1)(0,
1)120211?(0,1)2????1010010?020?211?1000101111112??00000?1000000102101?10?0?111?2?
2??0100?12121021111?0?00201001020110??222?100011211122001002?0??102261221021020
01101?022110
Pseudemys concinna concinna
1101?1020100022210221?1010111?1122100011200?12202221001222200102100?100121010?
?20102200002?10?01000?0?00110102220000221100210100001211000000(0,1)00002(0,1)(0,1)
1(0,1)(0,1)1202(0,1)21(0,1)201002010010212001210(1,2)0001211111110100000?1000001022
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111010111(1,2)1112010(0,1)1110012121021(1,2)11?1100201011001110??222?100011211022
001002?00110225122202102001011?012111
Pseudemys concinna floridana
1101?2020100022210221210101111112211002120011220222100122220010211001001210101
12000120000210010100010100120?022200002210002101000022111000001000020111112021
21020202101001000200211010001201111110100000?1000(0,1)0102(0,2)21111001022102121
01010022121021111?1100201021001210??222?100011211022001002?0?11022512220200210
1202?002111
Pseudemys gorzugi
1101?????1?0????????1??0?0?????12???????????1???????00????????????0010????0???????0??
0???2?????1??????????????????????1?0001010(0,1)?00??1?000001000?2??????????????????10
10?1??020?121?2000110111111??00000?1000000????1??1??0?22??2?0??2100?02121021100?
0?00201021121210??222?100011211022001012?0??00221126202202002202?022111
Pseudemys nelsoni
1101?1021100112210221??010210?1122110011210?122022200002222011010(0,3)0?1010110
10??12102201002?10?11000?0?001000????0????21?00110200100??1?000001000?20(0,1)1(0,1
)(0,1)120211?(0,1)21???10101000020?211?1000100111111??10000?110110110(0,2)201?10?00
111?211??0010012121021101?1200201001121010??222?10001011112200110120??111261222
01121211111?012111
Pseudemys peninsularis (peninsularis)
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1101?1021100022210221??010021?012210011(0,1)100?12202221000222200102130?0010220
10??20201200002?10?11000?0?00?20002220000221?00200200000211?000000000?20(0,1)1(0,
1)(0,1)120211?(0,1)20???10101002020?2(0,2)1?1000101111111??00000?1000101002201?10?0
1111?201??1100112121021111?1100201201101010??222?100011211122001000?0011022512
222100??01101?002111
Pseudemys rubriventris
1101?2121100022210221210002101112211001121011221222100022220102(0,2)1(0,2)101011
11210111110220101211110100010100120002220000221100210201100??1(0,1)10011(0,1)000
120(0,1)1(0,1)(0,1)120111?(0,1)11200(1,2)0100000(0,1)2002110110(0,1)1000111110110000?1
1011011002010101001210211000010012121021102?0?00201001100210??222?100011211022
001102?0??10226122202122112112?022111
Pseudemys texana
1101?0020101120210221??01022??11221?000(0,1)200?122022200012221021(0,2)20(2,3)0?00
0002010??10002200002??1?11??0?0?001?????????????1?00110100?02211?000001000?20(0,1)
1(0,1)(0,1)120212?(0,1)2????1010?10?020?(0,3)11?0000120111111??0000101000101022201?1
0?0?221?2?1??1100?12121021101?1(0,2)00201211000110??211?100011211022001111200110
121126202122002202?022111
Trachemys decorata
0110?10210012122112212?02010?002220?0020200?11202221100222202002000?000022010?
?001102000020?0?00000?0?00?20202220000220000100202??2?120?????10?0?20(0,1)1(0,1)(0
,1)120211?(0,1)2?0??1?1202011202001?20?1110111111??00000?1000(0,1)01202001110?0?(0,
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2)11?2?10100?1??202102011012000201001??0?10??211?1000100??01???0012?0012020?1222
02201202211?0211?1
Trachemys decussata angusta
0010?????1?0????11??10?1?1???1?22???????????1???????10????????(0,1)2100?102122110???
0?1010???20????0??????????????????????0000110?????1??20?????10?0?2???????????????0??
2?12?1?102002(0,2)1?1111101111111??0000??1000(0,1)01?1(0,2)20111?0?211?2?111111?120
2102110100?002010120001(0,1)0??100?1000100?10100?001110?10020?10?117???00??11???2
1?1
Trachemys decussata decussata
0010?20201002222112210?11110?112220?001(0,1)200?112022201002222001(0,1)2100?10212
2110??102101000020?0?00??????????????????????0000110(1,2)00??12120?????10?0?2??????
?????????0??2?12110112002(0,2)1?1111101111111??00000?1000(0,1)0111(0,2)201111?0?211
?2?1110111?1202102110100?00101012000210??100?1000100?101000001110001020?1121121
01011111?0121?1
Trachemys dorbigni adiutrix
0110??????0????11??12?????????22???????????1???????10?????????????????????????0?1020?
??2????0??????????????????????00001?0?????2??2??????10?0?2???????????????2??1?12?2?1?
202211?(1,2)0?11??11111??0000??1000000?1020111??0?221?2?????101?12021?21?12001002
010220120(0,1)0??200?10001122100?0?001120?002222027203???0???12???11?1
Trachemys dorbigni dorbigni
395

0110?00200002222112212?02010?002220?0001200?12202?20100222202012030?002022110??
000102000020?0?00??????????????????????0100110?????2??21?????10?0?2???????????????0?
?(1,2)?12???11202211?(1,2)0?11??11111???0000??1000000?1020111??0?221?2??01?101?120
21?21?1200100201022012010??200?10001122100?0?00(0,1)120?002222126204???00??12???
11?1
Trachemys gaigeae gaigeae
0110?????0?0????11??10?1?01?00?22??0????????1???????10????????????????????0?????0?10
200??210???0????????????????0????2010000020(1,2)0?0??210????10?0?2??????????????02??
2?12?2?20202211?(1,2)011112111111??00000?100010102020111??01121?2021001011020210
2111010100201022011010??222?10011121101?00001220012222202520(2,5)202002212?0211(
0,1)1
Trachemys gaigeae hartwegi
0110???????0????11??10?????????22???????????1???????10?????????????????????????0?1020
0??2?????0??????????????????????01000?0101??2112??????10?0?2???????????????2??2?12?0
?2?202201?1001120111111??00000?1000101?2020111??0?221?2?0??0001?020210211000010
0201022010010??200?10001121100?000010200100022026206202002202?0211(0,1)1
Trachemys grayi emolli
0010???????0????11??11?????????22???????????1???????10?????????????????????????0?1?20
???2????0??????????????????????0000110?????2??2??????(0,1)0?0?2???????????????2??1?12?
2?2?202111?10?11??11111??0000??1000000?0220111??0?121?2?2???011?02021?21?1000?00
201022010020??200?10001122100?000012?000?0222124202202002212???11?1
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Trachemys grayi grayi
0010?20200000222112212?01010002220?000(1,3)200?12202221100222202202120?00(0,1)02
0110??000112000020?0?000?0?0?001200??????????0100110101??21121?????(0,1)0?0?20(0,1)
1(0,1)(0,1)120211?(0,1)2?0??1?1200011202121?2001100112111??00000?1000(0,1)010022011
1??0?121?2?2010111?020211210101??00201001012?10??200?10001122100?000012?0012022
2126203202002212?0211?1
Trachemys grayi panamensis
0110???????0????11??1??????????22???????????1???????10?????????????????????????0?1?20
???2?????0??????????????????????000001?????2??2??????(0,1)0?0?2?????????????????1?12?2
???20?011?(1,2)0?11??11111??0000??1000000?02201?1??0?121?2?2???111?02021?21?1?????
020102101?0?0??200?10001122100?000012?001?0222126202202000212???11?1
Trachemys iversoni
0110???????0????11??1?????????22???????????1???????10?????????????????????????0?1?20?
??2?????0??????????????????????0?00000?????2??2?????10?0?2?????????????????1?12?2???2
0?011?10?11??11111??0000??1000000?10201?1??0?(1,2)21?2?????(0,1)(0,1)1?02021?21?0???
?00201023002000??200?100012????????001??001?0224020201203110202??211?1
Trachemys nebulosa hiltoni
0110?????0?0????11??10?0?0???0?22???????????1???????10????????????????????1????0?102
0???20????0??????????????????????0000110?????2??21?????10?0?2???????????????0??1?12?
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2?21201(0,1)11?20?11??11111??0000??1000000?1020111??0?121?2??01?111?22021?21?1010
?00201022000000??200?100011211?0?001120?001??20?12?20620?10?002???11?1
Trachemys nebulosa nebulosa
0110?????0?0????11??10?0?0???0?22???????????1???????10????????????????????1?????0?10
200??20????0??????????????????????0000110101??22021?????10?0?2(0,1)(0,1)0(0,1)(0,1)120
0?1?(0,1)0?2??1?1202021201(0,1)11?2001100111101??00000?1000000?1020111??0?121?2?20
1?111?2202112111010?00201022000000??200?10001121100?001120?0012120112(0,2)206202
100002?0211?1
Trachemys ornata callirostris
0110?????0?0????11??12?0?0???0?22???????????1???????10????????????????????1?????0?12
200??20????0??????????????????????0100110?????2??21?????10?0?2???????????????0??1?12
???11(0,2)01011?20?11??11111???0000??1000000?1020111??0?121?2?01?(0,1)11?02021?21?
120??00210023000010??200?100011221?0???001??00100224125206202002202???11?1
Trachemys ornata cataspila
0110?????0?0????11??11?0?0???0?22???????????1???????10????????????????????1?????0?12
200??20????0??????????????????????0000110?????2??21?????10?0?2???????????????0??1?12
???21(0,2)02011?10?11??11111???0000??1000000?0010111??0?121?2??01?011?02021?21?11
1???0200021002020??200?100011221?0???001??00100224125202202002212???11?1
Trachemys ornata chichiriviche
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0110?????0?0????11??12?0?0???0?22???????????1???????10????????????????????1????0?122
0???20????0??????????????????????0000110?????2??21?????10?0?2???????????????0??1?12?
2?11(0,2)01011?(1,2)0?11??11?????0000??1000000?1020111??0?121?2??01?(0,1)11?02021?2
1?1201000210023000010??0???100011221?0???001??0010020?10???????00??0????11?1
Trachemys ornata ornata
0110?0020000222211221000201000022200000120001222222010002220200103002000021101
10001220000200010000????00?20202220000220000110201000??210000010000(1,2)(0,1)1111
1202121(0,1)2020(0,2)111202021(0,2)0201(0,1)020?11001111110100000?1000101010201111
00112112000100111220210211000??00201022002220??200?10001122100?00(0,1)010?0?1002
24126202202002212?0211?1
Trachemys ornata uhrigi
0?10???????0????11??1??????????22???????????1???????10?????????????????????????0?1?20
???2?????0??????????????????????0?00110?????2?2??????(0,1)0?0?2??????????????????1?12?
2???(0,2)0?(0,1)11?10?11??10111??0000??1000(0,1)01?10201?1??0?121?2?????111?02021?21
?12???10200023100010??200?1000??????????001??00100224126202202002202???11?1
Trachemys ornata venusta
0010?20200011222112211?01010?012220?0010200?12102120101222201101100?002021110?
?100122000020?0?000?????????????????????0100110101??1(1,2)021?????10?0?20(0,1)1(0,1)(
0,1)120211?(0,1)2?0??1?1201021(0,2)02011?(1,2)001111111111??00000?1000(0,1)010122011
11?0?(1,2)21?2?1011111?1202102111101010201021002210??111?10001121110?00001120011
0224125202202002212?0211?1
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Trachemys scripta elegans
0110?2021001122211221211101000022200001120001220212110022110110210100020110101
1101102000021011000001010012010222000022010000010(1,2)101102110210100012(0,1)(0,1
)1(0,1)(0,1)120211?(0,1)21200211202000201121211011111111110100000?1000101120201110
000221021110010101202102110101100201023001110??221?10001101102000(0,1)101200111
225022202203202212?0211(0,1)1
Trachemys scripta scripta
0110?1020001122211221211101000022200001120001220222110022120010212101001110101
11011020000210110000010100110002220000220100000(1,2)021?21(0,1)2110011100012(0,1)
(0,1)1(0,1)(0,1)120211?(0,1)21200211202000200111(0,2)11111110111110(0,1)0000101110101
120101110000221021110010101202102110100110201021211110??222?10001122102100(0,1)
101200110225026201201202112?0211(0,1)1
Trachemys scripta troostii
0110?????0?0????11??12?1?01?00?22??0????????1???????10????????????????????0?????0?10
200??210?1?0???1????????????0????201000001011?2(1,2)0211100012??????????????1200211
2?2?00201111?(1,2)1111000111110100000?110010112020111??00(0,2)11?2111001110120210
2110100100211021002210??222?10001122102200011220012022502520(1,2)201202111?0211
(0,1)1
Trachemys stejnegeri malonei
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0110?????0?0????11??12?0?0???0?22???????????1???????10????????????????????0?????0?10
200??20????0??????????????????????0000000202??2?121?????10?0?2???????????????0??2?12
?2?11(0,2)00011?1011100111101??00000?1000101?0020111??0?221?2?00100(0,1)1?1202102
01101??002000230000020?200?10001201112200011020012020?12(0,3)20?203002212?02(1,2)
111
Trachemys stejnegeri stejnegeri
0110?20200000200112212?02010?002220?000?200?122022201000222210020(1,2)0?02(1,2)22
2010??002102000020?0?00??????????????????????0000000(1,2)02??2(1,2)121?????10?0?20(0,
1)1(0,1)(0,1)120211?(0,1)2?0??2?1201011(0,2)01001?2011100111111??00000?1000101000201
110?0?211?2?00101(0,1)1?2202102011012100201023000010??200?1000112110220001102001
2020?10?202202002010?02(1,2)111
Trachemys stejnegeri vicina
0110?????0?0????11??12?0?0???0?22???????????1???????10????????????????????0?????0?10
200??20????0??????????????????????0000000(1,2)11??1(1,2)121?????10?0?2???????????????0
??2?12?1?11(0,2)01001?1011101111111??00001?1000101?0020111??0?221?2?00101(0,1)1?11
02102010011000201023000110??200?10001121102200011120011022211?202202002112?02(
1,2)111
Trachemys taylori
0110?????0?0????11??12?0?0???0?22???????????1???????10????????????????????1?????0?12
200??20????0??????????????????????0000110101??21021?????10?0?2???????????????0??1?12
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?1?21(0,2)02011?2011101111111??0000101000101?2020111??0?221?2?1010111?1202102110
200?00201023001110??200?10001101100?00001120011122112620?202002212?0211?(0,1)
Trachemys terrapen
0110?20220002222112212?0?010?002220?0023200?12202220100222200012000?002022010??
002102000020?0?00??????????????????????0000000201??21121?????10?0?2???????????????0
??2?1221010202001?1011100111111??00000?1000(0,1)0122220111??0?211?2?1100111?0202
102011100?00201022000210??200?100010211011000011200110222112202102011212?01111
1
Trachemys yaquia
0110?????0?0????11??10?0?0??0?22???????????1???????10????????????????????1????0?1220
0??20????0??????????????????????0100110?????2??21?????10?0?2???????????????2??1?12?2
?11202011?10?11??11111??0000??1000?01?1020111??0?121?2??01?011?02021?21?010??002
01022002210??200?1000110?100???001??001?0213125200202002210???111`

Fossil Taxa:
Chrysemys carri
??????????????????????????1????????0???????????????????????????????????????????0??002?
00020????????????????????????????00?1?0110102210011211000002011111????????1??00?1?
?0?212002?12?000000?????1??1000??1??1???220201?????0121?2120?0???0???2??2?????????
???????????????????????????????????????????????????????????????????
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Chrysemys limnodytes
???????????????????????????????????????????????????????????????????????????????????????
?????????0??001??????????????????0?0?010?000??010?0001?00021111????????????????1100
0????0211020000??1?1??1??0000?????00?1?????1?????0121?2????0111000?????????????????
????????????????????????????????????????????????????????????????
Chrysemys timida
???????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????10?0?0121000??00000000000?001111121203002?200?00??
00????203002000000311211?10000???00?????2???11?????021?2??????11????2??2???????????
?????????????????????????????????????????????????????????????????
Chrysemys williamsi
???????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????10?1?0100000??000000000????01111?????????0??00?0?00
02000????0?0000001????1??0000??00000?00222?11?1001121?20??101111?012??2??????????
??????????????????????????????????????????????????????????????????
Deirochelys carri
???????????????????????????????????????????????????????????????????????????????????????
?????????2??????????????????????10?1?0101100??001121100000001111121212012??????120
00?10?200021000000311111??1000???0?00?(0,1)0?1?01?????1221?2????0110?0202??2??????
??????????????????????????????????????????????????????????????????????
403

Deirochelys floridana
???????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????1?0???1?0????11211000011????????????????????12???1
0000?0?2???????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????
Graptemys kerneri
1110?200?10202221022??0?200000020??1000020001202222?022222202????001002000?0???
2021000200001??00???????????????????????10?0?0?????2111?00000200002??121???????????
???????20?1222?011???1???????????000???10?0???022201???????????021101???????????????
???????????????????????????????????????????????????????????????????????
Pseudemys caelata
???????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????(0,1)0?1?0???100??0?11211000002?????????????????01111
?0021100??12?0?00??????????1000???0?????22020?????0??????120???011??????????????????
?????????????????????????????????????????????????????????????????
Pseudemys extincta
???????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????1?0???100????10010000002??????????????????????????
0001?21????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????
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Pseudograptemys cordifera
???????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????10?1?01??0021?1000000000110011111212120?2?0111?0??
0??1212330020001??111211?00000??00000?1??2?01120001121?0?2010111?021?????????????
???????????????????????????????????????????????????????????????????
Pseudograptemys inornata
???????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????10?1?00??0021?100000000000101111121212112?0101?0??
0??1012331020001??111211?00000??00000?0??2?01210001221?0?2010111?021?????????????
???????????????????????????????????????????????????????????????????
Trachemys antiqua
???????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????00?0?0121(0,1)00??00000000000(0,1)101111121212112?21
0000??00?0(0,2)0200102000000111111?1(0,1)000??00001?1?21201210000021?2?10(0,1)0011
?1202??2????????????????????????????????????????????????????????????????????????????
Trachemys bisornata
???????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????0?0?0?2?122????1111110000201111???????????????120?0
?0000211222?????1?????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????
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Trachemys delicata
???????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????(0,1)?0???0?????????????????????????????????????1?0??
???????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????
Trachemys euglypha
???????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????1?0?????2(0,1)???1?21010?1?2????????????????????????
1110???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????
Trachemy hillii
??????????????????2??1?????????????????????????????????????????????????????????????????
????????????????????????????????00?0?02211?0??20??????????????11121??????02001?11010
?????2??2???0102?11111011000????001?1?????1????10221?2????010102012??2?????????????
???????????????????????????????????????????????????????????????
Trachemys idahoensis
1100?200?10?20?211221201?01?00022201002120011220202?1?0?????2?021001001002010??
00?0020200???0?????????????????????????10?1?02201121?100000010001111111121202012?
2021?10?10?120202001020102212211?10000??00000?0?22?11212000221?2?2102100?0012??
2????????????????????????????????????????????????????????????????????????????
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Trachemys inflata
???????????????????????????????????????????????????????????????????????????????0001020
0002000?01??????00???????????????00?1?0???122212?101(0,1)02000020111112121??1?0200
2?11?2211200?11202?11????????110000???20?1?12220112101??021?2120?01000221????????
????????????????????????????????????????????????????????????????????????
Trachemys jarmani
???????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????1?0???1?0????1121100?0?2?????????????????????????1
010????20??????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????
Trachemys nuchocarinata
???????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????1?0???0?2????0000000?1?1?????????????????????????0
120????0???????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????
Trachemys petrolei
???????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????0?0???0?2??1?102111(0,1)0012????????????????????11?
120000(0,1)?1120??1???????????0000???2??1??221211???????21??12(0,1)?00010??????2?????
???????????????????????????????????????????????????????????????????????
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Trachemys platymarginata
0101?012010?222211221210201000022201002220011220222?1?0220022?020000201000010?
?00012200002010?01???????????????????????10?1?0101102112010011000012011111212(1,2)
20(0,1)2?2002?110221020021100010102011111010000??01211?1220201210100221?2120101
1000212??2????????????????????????????????????????????????????????????????????????????
Trachemys sculpta
???????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????10?1?010210211201121100000201111121212012??????110
101120021122011100111111??1000?????00?0?????1????1??21?2????01100???2?????????????
??????????????????????????????????????????????????????????????????
Trachemys trulla
???????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????0?0?????????????????????????????????????????????????
?????????????????????0000???0000?1200211????001????120001100021?????????????????????
???????????????????????????????????????????????????????????
GFS Trachemys
0?10?0220?0?0222112?12??2?00010?2200??????0?????2???0?????????020??????????????0021
0?0000200010000??010012?????????????100000002122(1,2)120100102110120111112121201
2121(0,1)201102200200111002311220111011100000?12011?1222201210010221?2121101000
221200212??????????????????????????????????????????????????????????????????????????
408

APPENDIX D
Gray Fossil Site Trachemys Osteology Atlas
An atlas of the osteology of the Gray Fossil Site (GFS) Trachemys is found herein. This
atlas attempts to figure all known elements of the taxon, in as many views as is feasible. This is
vital for fully understanding the morphology and osteology of the GFS Trachemys. It can also be
used, however, to compare different turtles, and as a guide for those who want to know more of
turtle osteology in general. This is one of the most well-documented turtles known and can aid in
learning more about turtles in both the past and the present.
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Figure 42. ETMNH-6935, nearly complete shell in A, dorsal and B, ventral views. Scale bar equals 10 cm.
410

Figure 43. ETMNH-6935, nearly complete shell in A, anterior and B, posterior views. Dorsal
view (A) focuses on the carapace and ventral view (B) focuses on the plastron. Scale bar equals
10 cm.
411

Figure 44. ETMNH-6935, nearly complete shell in A, left lateral and B, right lateral views.
Scale bar equals 10 cm.
412

Figure 45. ETMNH-7630, juvenile, nearly complete plastron in A, dorsal and B, ventral views. Scale bar equals 10 cm.
413

Figure 46. ETMNH-8311, posterior portion of carapace in A, dorsal and B, ventral views. Scale
bar equals 10 cm.
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Figure 47. ETMNH-8311, posterior portion of plastron in A, dorsal and B, ventral views. Scale
bar equals 10 cm.
415

Figure 48. ETMNH-8550, posterior portion of carapace in A, dorsal and B, ventral views. Scale
bar equals 10 cm.
416

Figure 49. ETMNH-8550, posterior portion of plastron in A, dorsal and B, ventral views. Scale
bar equals 10 cm.
417

Figure 50. ETMNH-10390, incomplete carapace in dorsal view. Scale bar equals 10 cm.
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Figure 51. ETMNH-10390, incomplete carapace in ventral view. Scale bar equals 10 cm.

419

Figure 52. ETMNH-10390, nearly complete plastron in dorsal view. A, exploded view with elements in ‘life placement’ relative to
each other. B, elements in approximate articulation with each other. Scale bar equals 10 cm.
420

Figure 53. ETMNH-10390, nearly complete plastron in ventral view. A, exploded view with elements in ‘life placement’ relative to
each other. B, elements in approximate articulation with each other. Scale bar equals 10 cm.
421

Figure 54. ETMNH-10391, nearly complete plastron in A, dorsal and B, ventral views. Scale bar equals 10 cm.
422

Figure 55. ETMNH-10547, anterior portion of carapace in A, dorsal and B, ventral views. Scale
bar equals 10 cm.
423

Figure 56. ETMNH-10547, anterior portion of plastron in A, dorsal and B, ventral views. Scale
bar equals 10 cm.
424

Figure 57. ETMNH-11642, nearly complete shell in A, dorsal and B, ventral views. Dorsal view (A) focuses on the carapace and
ventral view (B) focuses on the plastron. Scale bar equals 10 cm.
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Figure 58. ETMNH-11642, nearly complete shell in left lateral view. Anterior is to the left. Scale bar equals 10 cm.
426

Figure 59. ETMNH-11643, nearly complete shell in A, dorsal and B, ventral views. Dorsal view (A) focuses on the carapace and
ventral view (B) focuses on the plastron. Scale bar equals 10 cm.
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Figure 60. ETMNH-12265, nearly complete carapace in A, dorsal and B, ventral views. Scale bar equals 10 cm.
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Figure 61. ETMNH-12265, nearly complete plastron in A, dorsal and B, ventral views. Scale bar equals 10 cm.
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Figure 62. ETMNH-12424, anterior portion of plastron in A, dorsal and B, ventral views. Scale
bar equals 10 cm.
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Figure 63. ETMNH-12456, nearly complete shell in A, dorsal and B, ventral views. Dorsal view (A) focuses on the carapace and
ventral view (B) focuses on the plastron. Scale bar equals 10 cm.
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Figure 64. ETMNH-12457, nearly complete carapace in A, dorsal and B, ventral views. Scale bar equals 10 cm.
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Figure 65. ETMNH-12457, nearly complete plastron in A, dorsal and B, ventral views. Scale bar equals 10 cm.
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Figure 66. ETMNH-12726, nearly complete shell in A, dorsal and B, ventral views. Dorsal view (A) focuses on the carapace and
ventral view (B) focuses on the plastron. Scale bar equals 10 cm.
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Figure 67. ETMNH-12726, nearly complete shell in A, anterior and B, posterior views. Scale
bar equals 10 cm.
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Figure 68. ETMNH-12726, nearly complete shell in A, left lateral and B, right lateral views.
Scale bar equals 10 cm.
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Figure 69. ETMNH-12727, incomplete shell in A, dorsal and B, ventral views. Dorsal view (A) focuses on the carapace, with matrix
still visible within the shell, and ventral view (B) focuses on the plastron. Scale bar equals 10 cm.
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Figure 70. ETMNH-12753, incomplete juvenile shell in A, dorsal and B, ventral views. Dorsal view (A) focuses on the edges of the
carapace and the dorsal portion of the plastron, and ventral view (B) focuses on the plastron. Scale bar equals 10 cm.
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Figure 71. ETMNH-12772, incomplete shell in A, dorsal and B, ventral views. Dorsal view (A) focuses on the carapace and ventral
view (B) focuses on the plastron. Scale bar equals 10 cm.
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Figure 72. ETMNH-12832, nearly complete shell in A, dorsal and B, ventral views. Dorsal view (A) focuses on the carapace and
ventral view (B) focuses on the plastron. Scale bar equals 10 cm.
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Figure 73. ETMNH-12832, nearly complete shell in A, right lateral and B, left lateral views.
Scale bar equals 10 cm.
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Figure 74. ETMNH-12833, nearly complete, but badly fragmented, shell in A, dorsal and B, ventral views. Dorsal view (A) focuses
on the carapace and ventral view (B) focuses on the plastron. Scale bar equals 10 cm.
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Figure 75. ETMNH-12834, incomplete carapace in A, dorsal and B, ventral views. Scale bar equals 10 cm.
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Figure 76. ETMNH-12834, nearly complete plastron in A, dorsal and B, ventral views. Scale bar equals 10 cm.
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Figure 77. ETMNH-12979, incomplete shell in A, dorsal and B, ventral views. Dorsal view (A) focuses on the carapace and ventral
view (B) focuses on the plastron. Scale bar equals 10 cm.
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Figure 78. ETMNH-12979, incomplete shell in right lateral view. Scale bar equals 10 cm.
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Figure 79. ETMNH-12988, incomplete carapace in A, dorsal and B, ventral views. Scale bar equals 10 cm.
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Figure 80. ETMNH-12988, nearly complete plastron in A, dorsal and B, ventral views. Matrix can be seen in dorsal view (A)
adhering to the plastron. Scale bar equals 10 cm.
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Figure 81. ETMNH-13032, posterior portion of carapace in A, dorsal and B, ventral views.
Scale bar equals 10 cm.
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Figure 82. ETMNH-13032, posterior portion of plastron in A, dorsal and B, ventral views. Scale
bar equals 10 cm.
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Figure 83. ETMNH-13033, incomplete plastron in A, dorsal and B, ventral views. Matrix can be seen in dorsal view (A) adhering to
the plastron. Scale bar equals 10 cm.
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Figure 84. ETMNH-13036, incomplete carapace. Anterior portion of carapace in A, dorsal and C, ventral views. Middle portion of
carapace in B, dorsal and D, ventral views. Scale bar equals 10 cm.
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Figure 85. ETMNH-13036, nearly complete and articulated left and right epiplastra in A, dorsal,
B anterior, and C, ventral views. Scale bar equals 10 cm.
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Figure 86. ETMNH-14362, complete carapace in A, dorsal and B, ventral views. Scale bar equals 10 cm.
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Figure 87. ETMNH-14362, complete plastron in A, dorsal and B, ventral views. Scale bar equals 10 cm.
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Figure 88. ETMNH-14362, complete carapace and plastron in A, right lateral and B, left lateral
views. Scale bar equals 10 cm.
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Figure 89. ETMNH-7690, incomplete skull in A, ventral, B, left lateral, C, right lateral, D,
anterior and E, posterior views. Note that dorsal view is not shown because it is covered by a
concreted matrix. Scale bar equals 2 cm.
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Figure 90. ETMNH-12457, nearly complete left maxilla in A, dorsal, B, ventral, C, lateral (with
anterior to the left), and D, medial (with anterior to the right) views. Scale bar equals 2 cm.
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Figure 91. ETMNH-12457, nearly complete set of lower jaws in A, anterior, B, posterior, C,
right posterolateral (focusing on medial surface of left lower jaw), D, dorsal and E, ventral
views. Scale bar equals 2 cm.

459

Figure 92. ETMNH-12753, nearly complete set of lower jaws in A, anterior, B, left
posterolateral (focusing on medial surface of right lower jaw), C, dorsal and D, ventral views.
Scale bar equals 2 cm.
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Figure 93. ETMNH-8549, nearly complete cervical vertebra II (= axis) in A, dorsal (anterior to
right), B, ventral (anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior
views. Scale bar equals 1 cm.
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Figure 94. ETMNH-8549, nearly complete cervical vertebra III in A, dorsal (anterior to right),
B, ventral (anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views.
Scale bar equals 1 cm.
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Figure 95. ETMNH-8549, nearly complete cervical vertebra IV in A, dorsal (anterior to right),
B, ventral (anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views.
Scale bar equals 1 cm.
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Figure 96. ETMNH-8549, nearly complete cervical vertebra V in A, dorsal (anterior to right), B,
ventral (anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale
bar equals 1 cm.
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Figure 97. ETMNH-8549, nearly complete cervical vertebra VI in A, dorsal (anterior to right),
B, ventral (anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views.
Scale bar equals 1 cm.
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Figure 98. ETMNH-8549, nearly complete cervical vertebra VII in A, dorsal (anterior to right),
B, ventral (anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views.
Scale bar equals 1 cm.
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Figure 99. ETMNH-12832, nearly complete cervical vertebra VIII in A, dorsal (anterior to
right), B, ventral (anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior
views. Scale bar equals 1 cm.
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Figure 100. ETMNH-8459, anterior dorsal vertebra in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 101. ETMNH-8459, posterior dorsal vertebra in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 102. ETMNH-8459, posterior dorsal vertebra (posterior to dorsal vertebra in Figure 98)
in A, dorsal (anterior to right), B, ventral (anterior to right), C, left lateral, D, right lateral, E,
anterior and F, posterior views. Scale bar equals 5 mm.
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Figure 103. ETMNH-8459, anterior caudal vertebra in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 104. ETMNH-8459, anterior caudal vertebra (posterior to caudal vertebra in Figure 100)
in A, dorsal (anterior to right), B, ventral (anterior to right), C, left lateral, D, right lateral, E,
anterior and F, posterior views. Scale bar equals 5 mm.
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Figure 105. ETMNH-8459, median caudal vertebra in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 106. ETMNH-8459, posterior caudal vertebra in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 107. ETMNH-8459, posterior caudal vertebra (posterior to caudal vertebra in Figure 103)
in A, dorsal (anterior to right), B, ventral (anterior to right), C, left lateral, D, right lateral, E,
anterior and F, posterior views. Scale bar equals 5 mm.
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Figure 108. ETMNH-8549, nearly complete left scapula in A, anterior and B, posterior views; nearly complete right scapula in C,
anterior and D, posterior views. Scale bar equals 2 cm.
476

Figure 109. ETMNH-12832, nearly complete right coracoid in A, dorsoanterior and B,
ventroposterior views. Scale bar equals 2 cm.

477

Figure 110. ETMNH-8549, right humerus in A, anterior, B, posterior, C, dorsal, D, ventral, E,
medial and F, lateral views. Scale bar equals 2 cm.
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Figure 111. ETMNH-11643, complete left radius in A, dorsal and B, ventral views. Scale bar
equals 2 cm.
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Figure 112. ETMNH-3562, complete right ulna in A, dorsal and B, ventral views. Scale bar
equals 2 cm.
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Figure 113. ETMNH-3558, right distal carpal ?I in A, anterior and B, posterior views; distal
carpal ?IV in C, anterior and D, posterior views; distal carpal ?V in E, anterior and F, posterior
views. Scale bar equals 5 mm.
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Figure 114. ETMNH-3562, right distal carpal ?II in A, anterior and B, posterior views; distal
carpal ?III in A, anterior and B, posterior views. Scale bar equals 5 mm.

482

Figure 115. ETMNH-3558, right proximal phalanx ?IV in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 116. ETMNH-3562, right manual ungual ?I in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 117. ETMNH-3558, right manual ungual ?II in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 118. ETMNH-3558, right manual ungual ?III in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 119. ETMNH-3558, right manual ungual ?IV in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 120. ETMNH-8549, nearly complete left ilium in A, lateral and B, medial views. Scale
bar equals 2 cm.
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Figure 121. ETMNH-12832, complete left ilium in A, lateral and B, medial views. Scale bar
equals 2 cm.
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Figure 122. ETMNH-8549, nearly complete left ischium in A, anteroventral and B,
posterodorsal views; and nearly complete right ischium in C, anterovenral and D, posterodorsal
views, Scale bar equals 2 cm.
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Figure 123. ETMNH-12832, nearly complete left ischium in A, anteroventral and B,
posterodorsal views. Scale bar equals 2 cm.
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Figure 124. ETMNH-8549, nearly complete left pubis in A, ventral and B, dorsal views. Scale
bar equals 2 cm.
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Figure 125. ETMNH-12832, nearly complete left pubis in A, ventral and B, dorsal views. Scale
bar equals 2 cm.
493

Figure 126. ETMNH-12265, right femur in A, anterior, B, posterior, C, dorsal, D, ventral, E,
medial and F, lateral views. Scale bar equals 2 cm.
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Figure 127. ETMNH-12832, left tibia in A, dorsal (proximal end to right), B, medioventral
(proximal end to right), C, lateroventral, D, mediodorsal, E, proximal and F, distal views. Scale
bar equals 2 cm.
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Figure 128. ETMNH-8549, complete left fibula in A, dorsal and B, ventral views. Scale bar
equals 2 cm.
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Figure 129. ETMNH-8459, right metatarsal ?II in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.

497

Figure 130. ETMNH-8459, right metatarsal III in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 131. ETMNH-8459, right metatarsal V in A, dorsal and B, ventral views. Scale bar
equals 5 mm.
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Figure 132. ETMNH-8459, right astragalus in A, dorsal and B, ventral views. Scale bar equals 5
mm.
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Figure 133. ETMNH-8459, incomplete right distal tarsal ?IV in A, dorsal and B, ventral views.
Scale bar equals 5 mm.
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Figure 134. ETMNH-8459, right proximal phalanx ?III in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 135. ETMNH-8459, right proximal phalanx V in A, dorsal (anterior to right), B, ventral
(anterior to right), C, right lateral, D, left lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 136. ETMNH-8459, right medial phalanx ?III in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 137. ETMNH-8459, right distal phalanx ?II in A, dorsal (anterior to right), B, ventral
(anterior to right), C, left lateral, D, right lateral, E, anterior and F, posterior views. Scale bar
equals 5 mm.
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Figure 138. ETMNH-10547, pedal ungual ?III in A, dorsal (anterior to left), B, ventral (anterior to left), C, left lateral, D, right lateral,
E, anterior and F, posterior views. Scale bar equals 5 mm.
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Figure 139. ETMNH-11642, pedal ungual ?IV in A, dorsal (anterior to left), B, ventral (anterior to left), C, left lateral, D, right lateral,
E, anterior and F, posterior views. Scale bar equals 5 mm.
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